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ABSTRACT
This study investigated the extent to which successful completion of integrated
mathematics and science methods of instruction courses related to elementary preservice
teachers’ attitudes toward and confidence in teaching integrated STEM lessons, and the
extent to which their attitudes and confidence correlated with their proficiency in
planning integrated STEM lessons. A mixed-methods, longitudinal research design, with
a sequential, explanatory approach was used. Participants included twenty-four
elementary preservice teachers enrolled in their final two semesters of a teacher
preparation program at a four-year public university in the southeastern U.S. To address
the research questions in this study, both quantitative and qualitative data were analyzed
from questionnaires, a learning segment rubric, and semi-structured interviews.
Descriptive and inferential statistics, including repeated measures MANOVAs and
multiple regression analyses, were calculated to analyze the quantitative data. Multiple
cycles of coding were used to analyze the qualitative data.
Quantitative results of this study indicated no statistically significant difference in
the participants’ attitudes toward or confidence in teaching integrated STEM lessons.
However, qualitative data revealed heightened attitudes and increased confidence
throughout the two semesters. While the data indicated an overall positive change in the
participants’ attitudes and confidence over the two semesters, there was a slight decrease
in both at the completion of the internship semester. While the elementary preservice
teachers reported fairly positive attitudes toward and fairly high levels of confidence in
teaching integrated STEM lessons, responses to the open-ended questions revealed
specific barriers to effective implementation of integrated STEM lessons in the
ii

elementary classroom. Potential barriers identified by the participants included the
difficulty of planning and implementing integrated STEM lessons, emphasis on highstakes testing, and lack of resources. Further results of this study indicated that the
attitudes and confidence of preservice teachers did not statistically significantly predict
their proficiency in planning integrated STEM lessons. While no statistical significance
was found in the repeated measures MANOVA or the multiple regression analyses, the
findings from this study, particularly of the qualitative discussion, may have important
implications for the numerous stakeholders of STEM education surrounding successful
preparation of teachers to implement integrated STEM education in the K-6 classroom.
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CHAPTER I – INTRODUCTION
Introduction
In order to advance America’s discovery and innovation in the Science,
Technology, Engineering, and Mathematics (STEM) disciplines, the efforts to improve
STEM education have become a priority across the nation. “The success of the United
States in the 21st Century – its wealth and welfare – will depend on the ideas and skills of
its population. These have always been the Nation’s most important assets. As the world
becomes increasingly technological, the value of these national assets will be determined
in no small measure by the effectiveness of science, technology, engineering, and
mathematics (STEM) education in the United States” (President’s Council of Advisors on
Science and Technology [PCAST], 2010, p. 1). The importance of the need for STEM
education has been further highlighted by the decrease in the number of students
interested in STEM disciplines, leading to a smaller number of students entering the
STEM workforce upon graduation.
The recent publications of the Common Core State Standards for Mathematics
(CCSSM; National Governors Association Center for Best Practices [NGACPB], 2010)
and the Next Generation Science Standards (NGSS; Achieve, 2012) both include an
increased focus on real-life applications of mathematics and science concepts and an
emphasis on mathematics and science practices in the K-12 classroom. This, along with
the inclusion of engineering design in the NGSS, supports an integrated approach to
learning in both the K-12 mathematics and science curricula through the integration of
STEM content. Integrated learning experiences in mathematics and science allow
students to use mathematics and apply scientific inquiry skills in authentic real-life
1

problem-solving contexts to develop more meaningful knowledge and understanding of
the world around them (Al Orime & Ambusaidi, 2011; Stinson, Harkness, Meyer, &
Stallworth, 2009).
Contemporary perspectives on STEM teaching and learning include a
constructivist approach in which students are engaged in meaningful, active, inquirybased learning of integrated content within complex, real-life, problem-solving contexts
(Balka, 2011; Barcelona, 2014; Stohlmann, Moore, & Cramer, 2013). National standards
and reform efforts suggest that integrated skills and knowledge in STEM disciplines are
vital to the development of 21st-century skills in our children. Current research promotes
integrated STEM curriculum in the elementary school, as young children’s openness to
and curiosity about mathematical and scientific concepts provide fertile ground for
developing student interest in and understanding of STEM content and STEM careers
(Becker & Park, 2011; Kermani & Aldemir, 2015; Nadelson et al., 2013; Sanders, 2009).
Whereas the idea of STEM integration in the early grades is gaining support on
the national scene, there remains a deficit in the provision of STEM education in
elementary schools (Barcelona, 2014; Berlin & White, 2010; Kurup, Brown, Powell, &
Li, 2017). The number of U.S. elementary teachers who are proficient in integrating
STEM practices into the curriculum is also deficient (National Research Council [NRC],
2010; PCAST, 2010). Lack of support from school administrators, elementary teachers’
lack of content knowledge in the STEM disciplines, and elementary teachers’ lack of
pedagogical content knowledge (PCK) for teaching integrated STEM all contribute to
this void (Becker & Park, 2011; Berlin & White, 2010; Nadelson et al., 2013).
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Among all education degrees completed in 2016, elementary education and
teaching generalist degrees were among the most earned (32%) (National Center for
Education Statistics [NCES], 2017). However, many of these graduates are not
adequately prepared to teach integrated mathematics and science in grades K-6. Although
many preservice teachers value STEM integration, they are not exposed to STEM
integration within their teacher preparation programs, leading them to feel less confident
and less prepared to teach in a STEM-infused classroom (Berlin & White, 2010; Kurup,
et al., 2017). This suggests a lack of opportunity for preservice teachers to engage in
authentic mathematics and science practices that allow them to deepen the content
knowledge of their future students in these disciplines (Adams, Miller, Saul, & Pegg,
2014; Jeffery, McCullough, & Moore, 2015).
The responsibility for developing preservice teachers’ content knowledge and
PCK for teaching integrated STEM content lies within elementary teacher education
programs (Barcelona, 2014; Berlin & White, 2010; Kurup et al., 2017; Lewis, Dema, &
Harshbarger, 2014; Murnane, 2016; Rinke, Gladstone-Brown, Kinlaw, & Cappiello,
2016). Within teacher preparation programs, embedding explicit instructional strategies
for mathematics and science integration situated in authentic learning experiences may
increase preservice teachers’ knowledge of and confidence in teaching meaningful
integrated mathematics and science content through best practices, not to the detriment of
either discipline but to the promotion of both. Best practices for meaningfully teaching
integrated mathematics and science lessons include hands-on learning, problem solving,
cooperative group work, inquiry-based learning, appropriate use of technology, and
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assessments aligned with instruction (Al Orime & Ambusaidi 2011; Frykolm & Glasson,
2005; Furner & Kumar, 2007; Stinson et al., 2009).
According to Kalchman and Kozoll (2012), methods of instruction courses highly
impact preservice teachers’ self-efficacy in teaching, and recommendations have been
made for embedding integrated methods courses at the elementary level to better prepare
preservice teachers to teach as generalists in the elementary classroom. Content specific
courses, embedded in elementary teacher preparation programs, have also been identified
as opportunities for preservice teachers to develop STEM content knowledge while
recognizing the interconnectedness among the STEM disciplines (Jeffery et al., 2015;
Moseley & Utley, 2006; Stohlmann et al., 2013). Furthermore, engaging preservice
teachers in STEM learning allows them to make connections across STEM disciplines,
increasing their own content competency. By experiencing authentic common teaching
practices, preservice teachers can deepen their content knowledge and PCK and increase
their self-efficacy and beliefs as related to STEM education (Barcelona, 2014; Berlin &
White, 2010; Kurup et al., 2017; Murnane, 2016; Rinke et al., 2016).
Other factors that influence how and what teachers implement and continue to
implement cannot be ignored. Research has shown that the attitudes teachers have toward
a subject influence their own instructional practices, and the attitudes that teachers have
towards STEM subjects can potentially decrease their students’ interest in these subjects
and in future STEM careers (Alexander, 2011). Preservice teachers’ value of and
perceived behavioral control for STEM teaching is significantly impacted by explicit
instruction and experiences in STEM teaching and learning included in teacher
preparation programs. Therefore, an important factor in STEM education is improving
4

preservice teachers’ attitudes toward an integrated approach to teaching mathematics and
science, which leads them to understanding and teaching integrated STEM with authentic
real-life connections in their future classrooms (Corlu, Capraro, & Corlu, 2015; Lin &
Williams, 2016).
According to Maher, Bailey, Etheridge, & Warby (2013), preservice teachers’
attitudes and beliefs form before they enter a university teacher preparation program due
to their K-12 experiences, and many recognize the influence that their attitudes and
beliefs have on their future students. Preservice teachers, by examining their own
attitudes, concerns, and beliefs toward STEM education, may develop positive
perceptions of STEM education and an awareness of how their future students will be
impacted by positive experiences as learners and participants in authentic STEM lessons
(Alexander, 2011; Maher et al., 2013; Watters & Ginns, 2000). Throughout the
elementary teacher preparation program, more exposure to authentic STEM teaching and
learning, focusing on K-6 student learning in real-life experiences, may enhance the
preservice teachers’ STEM teaching in their future classrooms (Adams et al., 2014;
Barcelona, 2014; Cady & Rearden, 2010; Kurup et al., 2017; Radloff & Guzey, 2017).
Support from school administrators, community members, in-service teachers, and
university faculty has the potential to further provide preservice teachers with the
opportunity to identify and work through the challenges of teaching integrated STEM
lessons in the classroom, thus enhancing the preservice teachers’ perceived control for
STEM teaching (Lin & Williams, 2016).
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Theoretical Framework
The theoretical framework for this study included the combined elements of selfefficacy theory, the theory of planned behavior, the theory of social constructivism, and
the construct of PCK. Efficacy beliefs have long been associated with the work of
psychologist Albert Bandura (1978), who defined efficacy as intellectual activity by
which one develops beliefs about his or her ability to achieve a certain level of
accomplishment. As a social cognitive theory, self-efficacy conceives a set of beliefs
about a teacher’s capacity to have a positive influence on his or her students’ learning.
Research has consistently shown that teacher efficacy is related to a variety of desirable
student outcomes (Knoblauch & Hoy, 2008; Putman, 2012; Tschannen-Moran & Hoy,
2001) and is considered a powerful influence on teachers’ overall effectiveness with
students (Pendergast, Garvis, & Keogh, 2011). At the same time, research supports the
idea that teacher efficacy can be developed among preservice teachers (Charalambous,
Philippou, & Kyriakides, 2008; Palmer, 2006). This current study explored the construct
of teacher efficacy among preservice teachers regarding integrated STEM education.
In addition to self-efficacy, attitudes also influence a person’s behavior. The
theory of planned behavior (Ajzen & Fishbein, 1980) emphasizes how a person’s
behavior is shaped by his or her knowledge, attitudes, values, subjective norms, and
perceived behavioral control. According to this theory, attitudes are a function of
behavioral beliefs, suggesting that positive attitudes toward a particular behavior stems
from a belief that this behavior will lead to positive outcomes. Furthermore, subjective
norms are a function of normative beliefs. Normative beliefs are imparted through
encouragement, instigation, or pressure from society to accept a subjective norm. A
6

person who believes that others who are important to him or her believe that he or she
should perform the behavior will feel pressure to do so. Thus, of importance is the
opportunity for elementary preservice teachers to explore their perceived behavioral
intentions to embrace and implement authentic integrated STEM education in the
elementary classroom.
Vygotsky’s social constructivism theory (1962, 1986) is based on his
sociocultural theory in which social experience shapes the ways that individuals interpret
the world. More knowledgeable peers and adults guide the learner to construct their own
knowledge from what they presently know. Learning is the result of the individuals
participating in a community of classroom discourse that encourages the learners to
actively communicate their ideas and critique the reasoning of others (Fosnott & Perry,
1996). This study employed this theory as the methods of instruction faculty, while
engaging elementary preservice teachers in a community of discourse, used modeling and
scaffolding techniques to demonstrate and teach how integrated STEM lessons can be
effectively designed and implemented in the elementary classroom.
The construct of PCK (Shulman, 1986) was developed to explain the necessary
components to effectively teach particular content. Required components include
implementation of appropriate pedagogical strategies, assessment of student needs,
knowledge of the curriculum, and the ability to explain particular content-specific
concepts in a way that leads to meaningful understanding. However, research (Becker &
Park, 2011; Berlin & White, 2010; Nadelson et al., 2013) shows that elementary teachers
lack PCK in STEM subjects. Thus, in order for elementary teachers to effectively teach
STEM content, both their STEM content knowledge and teaching strategies for integrated
7

STEM lessons must be improved. One way to improve elementary teachers’ PCK for
teaching integrated STEM content is to provide preservice teachers opportunities to
develop an understanding of particular strategies for effectively teaching integrated
STEM content within teacher preparation programs (Epstein & Miller, 2011; PCAST,
2010).
This study was situated within the conceptual framework shown in Figure 1. The
theoretical framework served as the foundation on which experiences were designed
within the teacher preparation program to positively influence the preservice teachers’
attitudes toward, confidence in, and proficiency in planning integrated mathematics and
science lessons in a STEM framework.
Figure 1. Conceptual Framework

Figure 1. The circles represent the theoretical foundations of the study, and the rectangles represent the variables measured in the
study.
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Statement of the Problem
National standards and reform efforts indicate that integrated skills and
knowledge in STEM disciplines are vital to the development of 21st-century skills in our
children. Integrated approaches to STEM education, beginning at the elementary school
level, may increase student achievement and better prepare students for the 21st-century
global economy (Barcelona, 2014; Berlin & White, 2010; Kurup et al., 2017). According
to DeJarnette (2012), elementary school students’ interests in future STEM careers is
fostered by providing them opportunities to develop critical thinking skills through early
exposure to STEM content. However, U.S. students lack proficiency in mathematics and
science with less than one-third of U.S. eighth graders scoring at the proficient level on
the National Assessment of Education Progress (NCES, 2017). Furthermore, the
deficiency of student interest in STEM content has resulted in fewer students graduating
in STEM fields and pursuing STEM-related careers (PCAST, 2010).
Although the idea of STEM integration in the early grades is gaining support on
the national scene, the facilitation of STEM education at the elementary school level
remains a scarcity (Barcelona, 2014; Berlin & White, 2010; Kurup et al., 2017). STEM
curricula cannot be advanced if teachers do not have adequate understandings of the
definition of STEM education or the attitudes and confidence needed to implement
effective STEM instruction. Research (Epstein & Miller, 2011; PCAST, 2010) has
revealed a shortage of teacher expertise to successfully integrate STEM practices. Thus,
an increased focus on preparing preservice and in-service teachers to integrate STEM
content at the elementary level, putting theory into practice by immersing those teachers
in STEM practices, is needed (Epstein & Miller, 2011; NRC, 2010; PCAST, 2010).
9

Along with STEM content knowledge and PCK, teacher attitudes and confidence
regarding teaching integrated STEM lessons contribute to effective integrated STEM
instruction. As teachers’ negative attitudes can impact student learning, the need exists
more opportunities for preservice teachers to increase their attitudes and confidence
toward teaching throughout their teacher preparation programs (Riegle-Crumb et al.,
2015). Moreover, an important factor in STEM education is improving preservice
teachers’ attitudes toward an integrated approach to teaching mathematics and science,
which can lead them to understanding and teaching integrated STEM lessons with
authentic real-life connections in their future classrooms (Corlu et al., 2015). Whereas,
preservice teachers’ attitudes toward and confidence in STEM subjects are impacted by
positive experiences as learners and participants in integrated STEM lessons, providing
them with opportunities to examine their own attitudes, concerns, and beliefs toward
STEM education within a teacher preparation program could likely advance the goals of
STEM education for their future students (Alexander, 2011; Maher et al., 2013; Watters
& Ginns, 2000).
Unfortunately, few elementary teacher education programs in the U.S. exist that
adequately prepare preservice teachers with sufficient content knowledge in more than
one STEM subject or necessary PCK to teach integrated STEM lessons (Honey, Pearson,
& Schweingruber, 2014). As of 2018, limited research on how to effectively prepare K12 teachers to teach integrated STEM content in the classroom exists (Berlin & White,
2010; Murnane, 2016; Rinke et al., 2016). Thus, research is needed to determine how to
most effectively prepare elementary preservice teachers to teach integrated STEM
content with the aim of advancing the goals of STEM education for their future students.
10

The extent to which successful completion of integrated mathematics and science
methods of instruction courses is related to either preservice elementary teachers’
attitudes and confidence or to the implementation of integrated STEM lessons in the K-6
classroom is also unknown. Therefore, through this dissertation, the researcher aimed to
move the field forward by implementing a co-teaching model within integrated
elementary mathematics and science methods of instruction courses to examine
elementary preservice teachers’ attitudes toward, confidence in, and proficiency in
planning integrated STEM lessons. This, in turn, may have better prepared them to
successfully teach integrated STEM lessons in their future classrooms.
Purpose Statement, Research Questions, and Hypotheses
The purpose of this study was to investigate the extent to which successful
completion of integrated mathematics and science methods of instruction courses relates
to elementary preservice teachers’ attitudes toward and confidence in teaching integrated
STEM lessons, and the extent to which their attitudes and confidence correlate with their
proficiency in planning integrated STEM lessons. In particular, the researcher proposed
to provide a model for elementary integrated STEM teacher preparation. This mixedmethods study was guided by the following questions:
Among elementary preservice teachers participating in integrated mathematics
and science methods of instruction courses:
RQ1.

…to what extent do their experiences relate to their attitudes toward teaching

integrated STEM lessons?
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H1: Elementary preservice teachers’ attitudes toward teaching integrated STEM lessons
will be significantly higher after successful completion of integrated mathematics and
science methods of instruction courses.
RQ2.

…to what extent do their experiences relate to their confidence in teaching

integrated STEM lessons?
H2: Elementary preservice teachers’ confidence in teaching integrated STEM lessons will
be significantly higher after successful completion of integrated mathematics and science
methods of instruction courses.
RQ3.

…to what extent do their attitudes and confidence with regard to teaching

integrated STEM lessons correlate with their proficiency in planning integrated STEM
lessons?
H3: Elementary preservice teachers’ attitudes and confidence with regard to teaching
integrated STEM lessons will positively correlate with their proficiency in planning
integrated STEM lessons after successful completion of integrated mathematics and
science methods of instruction courses.
Definition of Terms
21st Century Skills: Necessary skills to be successful in the 21st-century that
include, but are not limited to research, critical thinking, problem solving, and
communication skills (NRC, 2013).
Attitude: A learned predisposition to respond to an object or behavior in a
favorable or non-favorable way that is a function of the beliefs the person has about the
object (Fishbein & Ajzen, 1975).
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Confidence: A feeling of belief in oneself and one’s ability to succeed. Within the
context of this study, confidence was defined as opinions or convictions held by
elementary preservice teachers toward teaching integrated STEM lessons.
Curriculum Integration: An educational approach among two or more content
areas in which students simultaneously do and learn important concepts in the respective
content areas while gaining a deeper understanding of the concepts because of the
connections between the content areas (Schleigh, Bosse’, & Lee, 2011).
Elementary Teacher Preparation Program: A program that prepares
undergraduate students to teach in a K-6 classroom. The program includes methods of
instruction courses that teach content-specific pedagogy and concludes with a full
semester internship. Within the context of this study, the K-6 Teacher Education
elementary teacher preparation program was a dual certification program in both K-6
Elementary Education and Collaborative Teaching (Special Education).
Elementary Preservice Teacher: A student enrolled in an elementary teacher
preparation program at a college or university.
Integrated STEM: The integration of the four content areas of science,
technology, engineering, and/or mathematics. Within the context of this study, integrated
STEM instruction was limited to the integration of mathematics and science enhanced
with technology to provide opportunities for students to apply 21st-century skills.
Internship: A one-semester experience where preservice teachers spend full days
in an elementary classroom. They design and implement lessons in each content area
throughout the semester, eventually assuming nearly all of the responsibilities of the
assigned classroom teacher supervisor. Within the context of this study, the internship
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semester included a minimum of a five-week regular education classroom experience and
a minimum of five-week special education classroom experience.
Methods of Instruction Courses: Courses embedded in the teacher preparation
program that focus on content-specific pedagogical content knowledge for teaching.
These courses are completed prior to internship and include reading/language arts, social
studies, mathematics, and science.
Pedagogical Content Knowledge (PCK): Teachers’ interpretations and
transformations of subject-matter knowledge in the context of facilitating student learning
(Shulman, 1986). PCK is a unique combination of content and content-specific pedagogy
focusing on the students, the subject matter, and the curriculum.
Self-Efficacy: Beliefs in one’s level of competence he or she expects to exhibit in
given circumstances (Bandura, 1978).
STEM: Acronym for science, technology, engineering and mathematics (Bybee,
2013).
Delimitations
The purpose of this study was not to determine the effectiveness of elementary
preservice teachers implementing integrated STEM lessons in the classroom.
Furthermore, the researcher did not seek to investigate the impact of integrated STEM
lessons on elementary student learning of mathematics and science. The findings of this
study were not generalizable beyond the elementary preservice teachers enrolled in the
final two semesters of an elementary teacher preparation program at a university located
in the southeastern region of the U.S. during the spring and fall 2018 semesters.
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Assumptions
One assumption of this study was that the participants responded truthfully during
each phase of data collection. The researcher also assumed that the participants would
continue to design and implement integrated STEM lessons in their future classrooms.
Furthermore, a third assumption was that future elementary teachers would benefit from a
teacher preparation program that included integrated STEM content knowledge and PCK.
Significance of the Study
The Common Core State Standards for Mathematics (CCSSM; NGACPB, 2010)
and the Next Generation Science Standards (NGSS; Achieve, 2012) both emphasize the
necessity of making real-life connections among mathematics and science concepts in an
integrated STEM framework in the K-12 classroom. According to Nadelson et al. (2013),
the need for increasing elementary teachers’ capacity to teach integrated STEM content is
based on the potential positive effects of quality elementary STEM instruction on student
learning as well as our nation’s STEM performance. Thus, teacher preparation for STEM
education serves as a foundation to ensure that our teachers are prepared to teach in the
STEM classroom. Due to the importance placed on students graduating in STEM fields
and pursuing STEM-related careers (PCAST, 2010), the findings from this study may
have helped decrease the deficit of integrated STEM education in elementary school.
This study, consequently, contributed to the gap in knowledge of how to adequately
prepare elementary teachers to teach mathematics and science in an integrated STEM
framework.
Exposure to integrated STEM teaching and learning throughout this study may
have led to an increase in the participants’ attitudes toward, confidence in, and
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proficiency in planning integrated mathematics and science lessons, as well as their
knowledge of content integration in the elementary school. Participants may have
experienced an increase in their intention to teach integrated STEM lessons in their future
classrooms as well. At the program level, results of this study may have also supported or
informed best practices for how to implement an elementary STEM teacher preparation
program. Results of this study may encourage more teacher educators to teach
mathematics and science methods courses using an integrated STEM framework. This, in
turn, could result in heightened attitudes towards, greater confidence in, and proficiency
in planning integrated mathematics and science lessons of elementary preservice
teachers, which in turn may increase K-6 students’ knowledge of and interest in STEM
content and future careers.
Additionally, findings of this study, coupled with current literature, may
contribute to the design of district-level professional development aimed at enhancing
effective implementation of STEM education. Potential benefits for elementary
classroom teachers from this type of professional development include positive changes
in practice and increased STEM content knowledge and PCK. Furthermore, the impact of
this professional development on elementary classroom teachers could lead to an increase
in STEM literacy and interest to pursue STEM careers among elementary school
students. The students, while developing 21st-century skills, gain creativity in learning
and the ability to make connections among STEM disciplines moving the country
forward in the 21st-century global society.
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CHAPTER II – REVIEW OF THE LITERATURE
Introduction
Compared to other nations, a perception of low student performance in the STEM
disciplines has resulted in an emphasis on STEM teaching and learning in K-12 education
throughout the U.S. This emphasis on the need for STEM education has been further
highlighted by a decrease in students interested in STEM content, leading to a smaller
number of students entering the STEM workforce upon graduation. Although elementary
grades are formative years for laying a foundation for future success, most elementary
teachers are trained as generalists (NCES, 2017) and do not possess the confidence in and
knowledge of teaching STEM content in an integrated framework. Thus, teacher
education programs have begun to focus on ways to integrate STEM education, preparing
preservice teachers to be confident and knowledgeable in teaching integrated STEM
content (Adams et al., 2014).
Furthermore, national standards and reform efforts in mathematics, science, and
technology emphasize the need for collaboration and integration across the disciplines
that provide rich, meaningful learning experiences for all students. In order for this
integrated teaching and learning environment to be implemented in the classroom,
teacher education programs need to offer authentic experiences for preservice teachers to
participate in, plan, and implement integrated mathematics, science, and technology
lessons (Berlin & White, 2010). Although STEM initiatives have been at the forefront of
education for the past two decades, many schools continue to deliver coursework in
mathematics and science in isolation, absent of an integrated approach and void of
engineering integration (Hoachlander, 2015). Additionally, U.S. student achievement in
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both mathematics and science remains at a discouragingly low level. According to the
2017 National Assessment of Educational Progress (NAEP) report for mathematics, only
40% of fourth-graders and 33% of eighth-graders scored at or above proficient in
mathematics. Similarly, the 2015 results for mathematics showed that only 40% of
fourth-graders, 33% of eighth-graders, and 25% of twelfth-graders scored at or above
proficient in mathematics. The 2015 science results mirrored that of the mathematics as
only 38% of fourth-graders, 34% of eighth-graders, and 22% of twelfth-graders scored at
or above proficient in science (NCES, 2017). These results suggest the need for more
effective initiatives.
Curriculum Integration
Curriculum integration is defined as a “curriculum design theory that is concerned
with enhancing the possibilities for personal and social integration through the
organization of curriculum around significant problems and issues, collaboratively
identified by educators and young people, without regard for subject-area lines” (Beane,
1997, p. 19). Knowledge is accessed within more meaningful thematic contexts situated
in real-life, problem-solving situations rather than individual content area silos. Learning
is transformed into personally relevant, real-life experiences within which disciplinespecific concepts, topics, skills, attitudes, standards, and habits of mind are shared.
Integration occurs when commonalities emerge from within the disciplines providing
genuine connections among the subjects, thus increasing levels of academic
achievements (Barcelona, 2014; Beane, 1997; Fogarty & Pete, 2009; Schleigh et al.,
2011).
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Mathematics and Science Integration
Effective integrated instruction requires teachers to have a deeper knowledge of
how to correlate the different content areas. This includes constructing lessons or units
that complement and support content and learning skills in at least two subject areas. The
integration of science and mathematics provides an avenue for students to develop a more
meaningful understanding and value of the important connections between and real-life
applications of mathematics and science. (Frykholm & Glasson, 2005; Furner & Kumar,
2007). Although mathematics and science are closely related, these subjects are often
taught in isolation with no relation to each other. However, integrating mathematics and
science allows students to use their mathematical knowledge to understand the world
around them, applying scientific principles and skills in authentic real-life problem
solving. Integrated mathematics and science lessons can raise student interest in and
motivation to learn mathematics and science in an exciting and relevant way. As outlined
in the 5E model of teaching (Bybee et al., 2006) and the Mathematics Practice Standards
(NCTM, 2014), effective teaching of both science and mathematics includes hands-on,
inquiry-based learning centered around a conceptual theme in which natural real-world
integration is evident in the curriculum. Thus, continued efforts to create and implement
meaningful integrated curriculum may lead to the further development of student learning
in mathematics and science (Al Orime & Ambusaidi, 2011; Kim & Cho, 2014; Schleigh
et al., 2011).
To be successful with implementing an integrated approach, Stinson et al. (2009)
suggested that teachers need deeper content knowledge in both mathematics and science.
They must also have a solid understanding of what integration is and is not if they are
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expected to integrate the subjects in the curriculum, providing confirmation that a clear
definition of integration is necessary for teachers to authentically integrate the subjects
for more meaningful learning. Thus, professional development that includes an
operational definition of integration, as well as effective strategies for teaching and
learning the mathematics and science content could lead to teachers implementing
integrated practices that they understand and value. Such professional development
embedded in teacher education programs may lead to more future teachers that are
confident and prepared to teach mathematics and science lessons in an integrated STEM
framework.
Additional research (Frykholm & Glasson, 2005; Furner & Kumar, 2007)
suggested that engaging preservice teachers in authentic, active-learning experiences in
mathematics and science can serve as a means of increasing content knowledge in both
disciplines. Providing rich experiences for preservice teachers to develop both content
and pedagogical knowledge for teaching connected mathematics and science within
teacher education programs allows preservice teachers opportunities to connect
mathematics and science in hopes that the same reform instruction would be implemented
in their future classrooms. Furthermore, as methods of instruction courses within teacher
preparation programs highly impact preservice teachers’ self-efficacy in teaching,
embedding integrated mathematics and science teaching may lead to an increase in
preservice teachers’ self-efficacy in teaching meaningful integrated mathematics and
science lessons in the classroom (Frykholm & Glasson, 2005; Furner & Kumar, 2007).
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Models of Mathematics and Science Integration
According to Stinson et al. (2009), there are several different models of
integration based on what is being integrated, structures for integration, and levels of
integration. Evolving over a period of 15 years, Berlin and White proposed an integrated
model of mathematics and science in 1994. Included in this model are six aspects of how
science and mathematics can be integrated: (a) ways of learning, (b) ways of knowing, (c)
content knowledge, (d) process and thinking skills, (e) attitudes and perceptions, and (f)
teaching strategies. This framework was designed to provide a conceptual foundation for
generating operational definitions of mathematics and science integration. Furthermore,
with all six aspects in constant interplay, the focus was on effective characteristics, skills,
teaching methods, and aspects of measurement and assessment (Berlin & White, 1999).
Focusing more on the relationship between the mathematics and science content
and the curricular goals for the disciplines, Lonning and DeFranco (1997) developed a
continuum model of mathematics and science integration. This model was designed to be
used for the creation of new integrated mathematics and science curricula or adaptation
of existing commercial materials used to teach mathematics and science. Included in their
continuum model are five categories: independent mathematics, mathematics focus,
balanced mathematics and science, science focus, and independent science. At the two
ends of the continuum are activities that develop mathematics and science concepts that
are independent of each other. Discipline-specific content for a particular grade level in
one of the subjects (mathematics or science) that includes content from the other subject
area on a different grade level is characterized as “mathematics focus” or “science focus”
on the continuum. Instruction that is described as “balanced” engages students in
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meaningful activities that include both mathematics and science content on the same
grade level.
Similar to the continuum model proposed by Lonning and DeFranco (1997), the
Mathematics/Science Continuum framework (Huntley, 1998) was developed based on the
five categories describing interactions between mathematics and science defined by
participants at the 1967 Cambridge Conference (Education Development Center, 1969).
Presented in the Mathematics/Science Continuum is the transformation of the discrete
categories into continuous categories representing the extent of interaction between
mathematics and science during instruction. The five categories include mathematics for
the sake of mathematics, mathematics with science, mathematics and science, science
with mathematics, and science for the sake of science. Separate approaches to teaching
mathematics and science are at the ends of the continuum. Movement toward the middle
of the continuum represents an “increased infusion of one discipline (mathematics or
science) into the teaching and learning of the other discipline (science or mathematics)”
(Huntley, 1998, p. 321). In the middle of the continuum is the complete integration of
mathematics and science, in which activities or units are designed so that both disciplines
interact resulting in student learning of more than just the content of each subject. This
differs from the middle of the continuum presented by Lonning and DeFranco (1997) in
which mathematics and science concepts are given equal treatment but are not necessarily
supporting each other in student learning as they are in the Mathematics/Science
Continuum (Huntley, 1998).
Designed to replace the continuum model, Kiray (2012) presented the balance
model which manifests the balance in the process of mathematics and science integration.
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Seven levels of integration are presented in the balance model: mathematics,
mathematics-centered science-assisted integration, mathematics-intensive scienceconnected integration, total integration, science-intensive mathematics-connected
integration, science-centered mathematics-assisted integration, and science. With the
mathematics and science content central to the development of this model, the desired
integrated curriculum is balanced by allotting equal time to both disciplines throughout
the year. This model offers teachers a variety of levels of integration of mathematics and
science while keeping the content and standards the same as outlined in the existing
curricula.
STEM Education
Standards-Based Reform in STEM Education
Released in 1983, A Nation at Risk described the state of U.S. education as
unpromising leading to serious consequences in our future economy (Gardner, 1983).
Although some states already had accountability systems in place, many created or
revised accountability policies and procedures over the next several years. Over the past
several decades, considerable reform in each of the STEM education communities has
occurred, leading to the creation and implementation of new standards that focus on realworld problem solving and preparing students for the 21st-century workforce. Each of
these reform efforts has provided a foundation for the need of integrated STEM education
in K-12 classrooms (Sanders, 2009).
Many of these state-led efforts in improving mathematics teaching and learning
were driven by the National Council of Teachers of Mathematics’ (NCTM) publication of
Curriculum and Evaluation Standards for School Mathematics (1989) which provided
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goals and objectives for school mathematics centered around NCTM’s vision for K-12
mathematics education. The five goals for all K-12 students include: “(1) that they learn
to value mathematics, (2) that they become confident in their ability to do mathematics,
(3) that they become mathematical problem solvers, (4) that they learn to communicate
mathematically, and (5) that they learn to reason mathematically” (NCTM, 1989, p. 5).
As these goals permeate throughout the curriculum, students engage in rich, numerous,
interconnected experiences with authentic mathematical problem solving, increasing their
mathematical literacy. In subsequent publications, NCTM monitored and updated the
existing standards, recognizing that “the need to understand and be able to use
mathematics in everyday life and the workplace has never been greater and will continue
to increase”, resulting in the publication of Principles and Standards for School
Mathematics (NCTM, 2000, p. 4). Set forth in this document are content and process
standards providing learning progressions for essential mathematics content and key
processes for learning mathematics with understanding. Teaching the mathematics
content through the five processes of problem solving, communication, representation,
reasoning and proof, and connections, students can engage in learning, applying,
communicating, and reasoning with mathematics and developing mathematical
proficiency.
In addition to the NCTM efforts to reform and advance mathematics education,
the National Research Council (NRC) presented five strands of mathematical proficiency
that emphasize teaching and learning through conceptual understanding, procedural
fluency, strategic competence, adaptive reasoning, and productive disposition (NRC,
2011). These strands, along with the NCTM principles and standards, impacted the
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development of the most recent standards for mathematics education. The content and
practice standards set forth in the Common Core State Standards for Mathematics call for
students to apply mathematics to solve real-world problems and to use mathematical
practices that can connect to those of science and engineering, supporting efforts to make
connections across the disciplines (CCSSM; NGACPB, 2010).
Recognizing the critical importance of bringing significant reform in
mathematics, science, and technology, Science for all Americans offered
recommendations for improving scientific literacy that includes mathematics and
technology (American Association for the Advancement of Science [AAAS], 1989). As
described in the publication, student learning goals are achieved through the connection
of the mathematical, scientific, and technological concepts and practices that are
intertwined and designed to not be taught in isolation from one another. More recently,
the National Research Council (NRC, 2012) provided a framework for K-12 science
education that highlights the importance of integrating scientific ideas and practices with
those of mathematics, technology, and engineering. The committee shared a vision for
science and engineering education that includes “that students, over multiple years of
school, actively engage in science and engineering practices and apply crosscutting
concepts to deepen their understanding of each field’s disciplinary core ideas” (p. 2).
Grounded in research, this framework provided a basis for the improvement of science
teaching and learning, leading to the publication of the Next Generation Science
Standards (NGSS; Achieve, 2012).
While many initial efforts to improve STEM education concentrated on
improving mathematics and science education, more recent state and district-level
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initiatives have included both technology and engineering education. Over the last two
decades, technology education has become more prevalent in K-12 classrooms
nationwide with the development and implementation of the Standards for Technological
Literacy: Content for the Study of Technology (International Technology Education
Association [ITEA], 2000, 2002, 2007). The technology learning standards provide
students the opportunity to apply and integrate content area knowledge from various
disciplines, including mathematics and science, thereby making connections among the
disciplines and learning more meaningful. Moreover, engineering education has
increased significantly in K-12 classrooms facilitating integrated STEM education. Three
principles that guide K-12 engineering education include engaging learners in the
engineering design process, promoting engineering “habits of mind” aligned with 21stcentury skills, and integrating mathematics, science, and technology content knowledge
and skills. These reform efforts have led to the strengthening of both the technology and
engineering components of STEM education in K-12 classrooms across the U.S. (NRC,
2009).
Reform efforts in each of the STEM disciplines have supported the need for
addressing the STEM challenges faced by our nation. The number of students losing
interest in mathematics and science at an early age has resulted in too few students
entering STEM fields and the STEM workforce upon graduation. Due to a traditional
approach being used to teaching STEM content, this loss in interest has been challenged
by an integrative approach, as evidenced by a large percentage of students who have
avoided the more rigorous mathematics and science coursework at the secondary level
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and graduated with low ability in mathematics and science (PCAST, 2010; Sanders,
2009).
Definition of STEM Education
With the advancement of integrated STEM education, the use of the acronym has
revealed significant disparities in the meaning of integrated STEM education. Thus,
pertinent to this study was to define integrated STEM education. According to English
(2016), different interpretations of integrated STEM education have been problematic for
researchers and curriculum developers. Brown, Brown, Reardon, & Merrill (2011)
investigated teachers’ and administrators’ perceptions of STEM education, including
their definitions of integrated STEM education and the perceived importance within in
their schools. Results showed that the definition of STEM education was not clear to the
administrators or the teachers in STEM fields. Less than half of the administrators, which
included principals, assistant principals, and assistant superintendents, were able to
describe STEM education and/or demonstrate an understanding of the concept. The
teachers in the STEM fields held different levels of understanding of STEM education,
with less than half of the mathematics teachers providing an appropriate definition of
STEM education. If teachers are to take up the charge to lead students in applying various
facets and intricacies of STEM disciplines to their lives, then they themselves must first
possess a clear understanding of STEM education (Bybee, 2013; Honey et al., 2014).
Grounded in social constructivist theory, STEM education provides opportunities
for students to actively construct, contextualize, and connect science, technology,
engineering, and/or mathematics concepts in a social environment that is both learnercentered and knowledge-centered. STEM education can thus be described as a form of
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curriculum integration that includes teaching and learning between or among two or more
STEM subjects. (Czerniak & Johnson, 2014; Sanders, 2009). Similarly, Moore and Smith
(2014) defined integrated STEM education as the combination of some or all of the
STEM disciplines into one class, unit, or lesson, purposefully connecting the subjects
with real-life application. STEM integration has also been defined to include STEM
practices built upon the science, engineering, and mathematics practices outlined in the
NGSS (Achieve, 2012), CCSSM (NGACPB, 2010), and the Mathematics Practice
Standards (NCTM, 2014). Bounded by STEM practices within a real-life context,
integrated STEM learning has been evident as students identified, applied, and integrated
concepts from science, technology, engineering, and mathematics to understand and
solve complex problems using innovative strategies (Balka, 2011; Kelley & Knowles,
2016).
Characteristics of STEM Education
The ideas of real-world problem solving, collaborative learning, and active
inquiry-based learning all provide the theoretical constructivist foundations for effective
STEM teaching and learning. Historically, the constructivist views of learning of Dewey
(1938), Piaget (1977), Vygotsky (1962, 1986), and Bruner (2009) have influenced
practices and contributed to research in effective teaching in mathematics, science, and
engineering classrooms. Dewey (1938) believed that students learn best from real-world
experiences rather than rote memorization, and should be encouraged to think for
themselves. According to Dewey, students would be engaged in problem solving,
reasoning or thinking for themselves, in real-life settings, allowing them to make realworld connections in mathematics. Piaget (1977) also contributed to the constructivist
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view with his notion of stages of learning and schema. He suggested that children are
active learners that progress through four stages relative to their mental readiness. His
theory was also based on schema that children bring with them to a new learning
experience. This prior knowledge and experience, which also includes misconceptions
and misunderstandings, serves as a foundation for the development of new ideas and
knowledge.
In contrast to Piaget, Vygotsky (1962, 1986) focused on the social aspect of
constructivism. He believed that cognitive development was dependent on experiences
shared with others in which language and culture play a big role. Two major components
of this social constructivist theory are the More Knowledgeable Other (MKO) and the
Zone of Proximal Development (ZPD). The MKO is someone who has a higher
understanding or ability-level than the child within the same culture. The child actively
learns concepts or skills with the assistance of the MKO. The ZPD refers to the target
skills or concepts a child can do with the assistance of the MKO, but not alone. The child
actively constructs new knowledge but with the guidance and assistance of someone else.
Within the realm of education, the teacher serves as a facilitator of knowledge, enabling
the student to engage in problem solving and inquiry-based learning that connects to his
or her cultural and social surroundings. Within the ZPD, scaffolds are used by the MKO
to guide student learning. As the students gain more knowledge and understanding, the
scaffolds can be removed. The teacher must know and understand the students’ prior
understandings and misconceptions to determine their ZPD and create meaningful
experiences that will facilitate learning.
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Bruner (2009) shared the same social/cultural view of constructivist learning as
Vygotsky. He believed that effective teaching occurs when the students are engaged in
discovery learning facilitated by the teacher. As students are immersed in problem
solving, they discover properties, rules, facts, and relationships for themselves. Working
collaboratively in social settings, students bring their prior knowledge and experiences
and share ideas and discoveries resulting in new knowledge and understanding. They
work with manipulatives, perform experiments, make predictions, and use questioning to
discover new ideas. Bruner also used the term ‘scaffolding’ to describe the support given
to the child by the teacher or adult so they can achieve success. The idea of scaffolded
learning is integral to building an effective foundation for the application of STEM
concepts.
Building on the work of Dewey (1938), Piaget (1977), Vygotsky (1962, 1986),
and Bruner (2009), many characteristics of STEM education have been identified.
Among those are active and inquiry-based learning, cooperative learning, the 5E model
of teaching (Bybee et al., 2006), and mathematics teaching practices. Through STEM
education, students can engage in active educational experiences focused on real-world,
problem-based learning connecting the STEM disciplines. Within the classroom, teachers
act as facilitators of student-centered learning rather than dispersers of knowledge.
Students actively participate in authentic, meaningful, problem-solving activities that are
important to them and connected to their personal lives, cultures, and communities
(Capps & Crawford, 2013; English, 2016; NCTM, 2000). Teachers encourage active
learning by embedding inquiry-based instruction in the classroom. Situated in the
constructivist theory, inquiry-based learning allows students to build on their prior
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knowledge, developing a greater understanding of the content by asking questions and
discovering learning for themselves. Engaging students in inquiry-based instructional
activities develops critical thinking skills and leads to a deeper understanding of STEM
content (Nadelson et al., 2013). Furthermore, inquiry-based learning provides students
with opportunities to pose and refine questions, plan and design experiments, and use
collected data as evidence to explain a phenomenon which are all components of STEM
education (Capps & Crawford, 2013).
As emphasized by Vygotsky (1962, 1986), cooperative learning is also an
important component of the social constructivist view of teaching. Within small groups,
students engage in active learning by communicating ideas and discussing concepts so
that learning is a shared experience. According to NCTM (2000), through the exploration
and communication of ideas from different perspectives, students develop critical
thinking skills and make connections among mathematical concepts. According to the
Nation’s Report Card (NCES, 2017), cooperative learning has had a significant impact on
student achievement. Fourth-grade students who participated in collaborative learning
groups once or twice a month to once or twice a week had higher average scores than
their peers who did so less frequently. Similarly, the participation of eighth-grade
students in collaborative learning groups every day or almost every day resulted in higher
scores than their peers who did so less frequently.
Further supporting the constructivist view of learning is the 5E model for teaching
through which the teacher facilitates student-centered learning (Bybee et al., 2006). The
5E model is a cycle of learning consisting of five stages that engages students in active,
inquiry-based learning and self-reflection. In the engage phase, the teacher uses prior
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student knowledge and experiences to pique student interest and motivate the lesson or
activity. Prior knowledge is activated and student misconceptions are identified. The
explore stage allows students the opportunity to begin constructing new ideas based on
hands-on experiences such as working with manipulatives, building models, conducting
experiments, making and testing predictions, and collecting data. After this stage,
students then begin to explain what they discovered in the prior stage. Using evidence to
support their claims, students use appropriate vocabulary to clarify concepts and ideas in
a social learning setting as supported by Vygotsky (1962, 1986) and Bruner (2009).
Acting as the MKO, the teacher has the opportunity to address and correct any
misconceptions, introduce new terminology, and help students make connections to what
they discovered in both the engage and the explore stages. In the elaborate stage,
students apply, extend, or elaborate on concepts learned in new situations. They
synthesize their knowledge which allows for a deeper understanding of the concepts
learned. In the evaluate stage, students demonstrate their level of understanding of the
concepts through formative and/or summative assessments. Because this model is
intended to be cyclical, the results from the assessments are then used to guide future
instructional decisions.
Building on the theory of constructivism, effective STEM education is further
characterized by the research-based Mathematics Teaching Practices outlined in
Principles to Actions: Ensuring Mathematical Success for All (NCTM, 2014). Learning
goals are identified and situated in learning progressions transitioning students from prior
knowledge to deeper understanding of the mathematical concepts. Students participate in
meaningful, authentic, real-world tasks to enhance their reasoning and problem-solving
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skills while engaging in productive discourse through communication with their peers
and the teacher, posing and responding to purposeful questions. Various representations
are also used to make connections among the mathematical concepts through different
lenses while building procedural fluency from conceptual understanding leading to more
sophisticated mathematical understanding. These practices provide a framework for
enhancing the teaching and learning of mathematics, which also impacts the teaching and
learning of integrated STEM education.
Aspirations of STEM Education
The advocates of STEM education believe that by preparing our students for
advanced education or jobs in STEM fields, the U.S. would once again move to the
forefront of scientific discovery and innovation (Brown et al., 2011; Cotabish, Dailey,
Robinson, & Hughes, 2013). The quality of STEM education is driven by overarching
goals that include increasing the number of students pursuing advanced degrees and
careers in STEM fields, expanding participation in the STEM workforce, and increasing
STEM literacy (NRC, 2011). More specifically, major goals for STEM education have
been identified for students and as well as educators. The five goals for students include
developing: (a) STEM literacy, (b) 21st-century skills, (c) STEM workforce readiness, (d)
interest and engagement in STEM subjects, and (e) the ability to make connections
among STEM disciplines (Honey et al., 2014).
STEM literacy is evidenced by an awareness of how STEM subjects form our
material, cultural, and intellectual world. Specifically, STEM literacy encompasses a
person’s “knowledge, attitudes, and skills to identify questions and problems in life
situations, explain the natural and designed world, and draw evidence-based conclusions
33

about STEM related-issues; understanding of the characteristic features of STEM
disciplines as forms of human knowledge, inquiry, and design; and willingness to engage
in STEM-related issues and with the idea of science, technology, engineering, and
mathematics as a constructive, concerned, and reflective citizen” (Bybee, 2013, p. 101).
STEM workforce readiness includes the development of 21st-century skills within our
students. Key principles of 21st-century competencies include problem solving, critical
thinking, creativity and innovation, communication and collaboration, accessing and
analyzing information, and global awareness. Related to the key principles are four
components that are evident in STEM education. The use of real-world issues provides
the context for authentic problem solving while giving students the opportunity to
develop information literacy and global awareness. Using active, inquiry- and problembased learning develops critical thinking and problem-solving skills in students while
providing opportunities for creativity and innovation. Additionally, the social skills of
students are enhanced through communication and collaboration within a constructivist
framework (Bybee, 2013).
In addition to student-focused goals of STEM education, major goals for
educators have been outlined. As STEM education becomes more prevalent and
necessary to our nation’s success, teachers will need to increase their own STEM content
knowledge and STEM PCK, so they can purposefully engage students in integrative
thinking. Teaching STEM content in a more connected manner, especially in the context
of real-world issues, can increase student interest and engagement in STEM subjects by
providing relevancy of the content to the students. Knowledge and skills within and
across the STEM disciplines can be developed through integrated, meaningful
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experiences provided by educators. Furthermore, the ability to make connections among
the STEM disciplines results in more integrated knowledge and understanding than
otherwise achieved within the separate disciplines. Through the development of teachers’
STEM content knowledge and PCK, their future students will be able to collectively use
science, technology, engineering, and mathematics concepts to design, make, and
evaluate solutions to authentic real-world problems (Honey et al., 2014; NAE & NRC,
2014; Sanders, 2012).
Barriers to STEM Education
According to the literature (Frykolm & Glasson, 2005; Lehman, 1994), barriers to
integrative approaches to teaching STEM content can be categorized into two domains,
teacher-level characteristics and contextual characteristics of the teaching setting.
Teacher-level characteristics have included personal barriers to integrated STEM
teaching. Insufficient content knowledge in other STEM fields has been a concern for
teachers, both preservice and in-service, as they do not feel as confident about teaching
the content from each discipline. Teachers have also been concerned about the need for
different pedagogical strategies that could assist them in making meaningful and
appropriate connections between or among the subjects for the students (Becker & Park,
2011; Frykolm & Glasson, 2005; Lehman, 1994). As specific disciplines possess their
own ways of knowing, making connections across disciplines becomes more complicated
(Bybee, 2013; English, 2016). Developing disciplinary content knowledge while
supporting students to make connections across the disciplines is further challenged by
the different meanings of the science and engineering practices and the mathematics
practices. The Standards for Mathematical Practice (NGACPB, 2010), the Mathematics
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Practice Standards (NCTM, 2014), and the Scientific and Engineering Practices
(Achieve, 2012) may use the same terms or phrases but such terms or phrases have
different meanings depending on the discipline. Teachers will need to distinguish
between, for example, what making viable arguments means in mathematics and in
science and how this practice enhances student learning (NAE & NRC, 2014).
Additionally, teachers bring their own beliefs to the classroom, including their
experiences as learners of STEM subjects, predisposed to the teaching of mathematics
and science in isolation as independent subjects in schools and curricula. Most teachers,
instructors, and administrators have seldom been a part of an integrative educational
environment in their prior experiences when learning or teaching STEM content
(Frykolm & Glasson, 2005; Lehman, 1994; Moore & Smith, 2014; Schleigh et al., 2011).
Other concerns identified relate to the contextual characteristics of the teaching
setting. Interpretations of STEM education and integration varies among stakeholders,
researchers, and curriculum developers (Bybee, 2013; English, 2016). Teachers may also
perceive authentic integration as impractical as they feel the pressure of high-stakes
testing. With an emphasis on mathematics and reading/language arts, students do not get
adequate access to science, technology, or engineering until high school grade levels.
Furthermore, high-stakes tests are designed with mathematics and science segregated,
focusing on single content-specific knowledge, not practices or applications of
knowledge (Moore & Smith, 2014; NAE & NRC, 2014; Schleigh et al., 2011). Other
potential barriers include lack of support from school administrators (Becker & Park,
2011) and the scarcity of research-based integrated STEM curricula (Moore & Smith,
2014).
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Berlin and White (2012) found a significant change in preservice teachers'
attitudes related to the feasibility of integrating mathematics, science, and technology
education while participating in an integrated STEM teacher preparation program at the
graduate level. Collaboratively planning in small groups, the secondary mathematics and
science preservice teachers developed integrated units while promoting their own
specialized content. The preservice teachers remarked that the integration was an efficient
but slow process and the execution was more difficult to plan, design, and implement
than they had initially thought, yielding findings similar to Koirala and Bowman (2003).
Findings suggested that teacher educators need to better prepare preservice teachers to
handle possible barriers of complexity, insufficiency, and difficulty while exposing them
to specific STEM-related concepts and skills which developed a deeper understanding of
integrated STEM content. Additionally, attention to these components in teacher
preparation programs may enhance preservice teachers’ attitudes and confidence related
to the feasibility of integrating STEM lessons in their future classrooms.
In the face of these challenges is a vision for establishing positive conditions for
change. At the forefront of curriculum reform is creating a teaching and learning
environment where experimentation and innovation are encouraged and rewarded, with a
greater emphasis on long-term gains rather than on such immediate goals as raising test
scores (AAAS, 1989). Embedding integrated teaching experiences in teacher preparation
programs at all levels may also lead to the breakdown of the barriers, as preservice
teachers who participate in an integrated approach to teaching will have experienced
learning and teaching in an integrated STEM framework. This, in turn, may lead to their
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understanding and teaching of integrated STEM content in their future classrooms
(Bybee, 2013; Corlu et al., 2015).
Factors Influencing Teacher Behavior: The Affective Domain
Teacher Attitudes
Research has suggested that the attitudes towards teaching that a teacher
possesses influence his or her behavior in the classroom (Koballa, 1988; Riegle-Crumb et
al., 2015; van Aalderen-Smeets, Walma van der Molen, & Asma, 2012). Based on the
assumption that humans are rational and consider ramifications of their actions before
they actually take them, Fishbein and Ajzen (1975) introduced the theory of reasoned
action. This theory asserts that a person’s behavior is directly influenced by their
intentions. The key component to this theory is that behavioral intentions are formed by
two independent constructs including attitudes toward a behavior and subjective norms.
Attitudes toward a behavior is a function of behavioral beliefs and is impacted by the
outcome expectancy beliefs of performing the behavior. As a function of normative
beliefs, subjective norms include the expectations of significant others as to if the
behavior should or should not be performed. Subjective norms also include the evaluation
of risks and benefits of the outcome as predictors of the person’s intention to perform the
behavior.
As an extension of the theory of reasoned action, Ajzen and Fishbein (1980)
introduced the theory of planned behavior. In both theories, attitude is described as a
“mental state of readiness, which was organized through experience” (p. 18). Perceived
behavioral control was added to the original two constructs of attitude and subjective
norms suggesting that perceived behavioral control directly influences behavior.
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Perceived behavioral control is situational and refers to a person’s perception of their
ability to perform the behavior, which varies across situations and actions. As attitudes
are closely related to behaviors, teachers’ attitudes toward teaching the content is
measured rather than their attitudes toward the content itself. Teachers’ attitudes play a
fundamental role in guiding classroom practices, in the way they understand the content,
and in the acceptance of new approaches, techniques, and activities (Ball, 1990; Koballa,
1988; Riegle-Crumb et al., 2015; Thibaut, Knipprath, Dehaene, & Depaepe, 2018; van
Aalderen-Smeets et al., 2012).
Teacher Confidence/Self-Efficacy
Also influencing teacher behavior in the classroom is a teacher’s self-efficacy
related to one’s approaches to instruction, attitudes toward the discipline of teaching, and
personal goals and aspirations of teaching (Tschannen-Moran, Hoy, & Hoy, 1998).
According to Tschannen-Moran et al. (1998), teaching efficacy is a teacher’s belief in his
or her perceived ability (rather than actual ability) to successfully accomplish a specific
teaching task in a particular context. Teaching efficacy is composed of two categories:
general teaching efficacy and personal teaching efficacy. General teaching efficacy
relates to the teaching task and its context. Factors such as the availability of required
resources to facilitate learning and perceived difficulties or constraints of the teaching
task and its context impact teachers’ efficacy. Personal teaching efficacy relates to selfperceptions of teaching competence. This includes recognizing personal strengths and
weaknesses of one’s content knowledge and PCK, skills, and personality traits in a
particular teaching context. Both general and personal teaching efficacy contribute to
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teacher efficacy and to the effect on student learning that originate from efficacy beliefs
(Tschannen-Moran et al., 1998).
Grounded in social constructivist theory, perceived self-efficacy is defined as
one’s beliefs about the level of competence he or she will display in a particular situation.
Self-efficacy beliefs strongly influence thought patterns and emotions that play a major
role in how people approach a given task. According to Bandura (1978), self-efficacy
expectations are drawn from four principal sources of information: performance
accomplishments, vicarious experiences, verbal persuasion, and physiological states.
Based on personal mastery experiences directly related to one’s capabilities, personal
accomplishments are the most influential source of efficacy expectations. Mastery
expectations are enhanced by successfully completing a challenging task with little or no
assistance, or when a success is attributed to internal or controllable causes such as ability
or effort. However, if an individual’s success is attributed to luck or the intervention of
others, or if he or she is unsuccessful when performing previous tasks, then self-efficacy
may not be strengthened or may be lowered (Bandura, 1986; Tschannen-Moran et al.,
1998).
The three other sources of efficacy expectations include vicarious experiences,
verbal persuasion, and emotional arousal. Vicarious experiences occur when an
individual witnesses the successful performance of others completing a task or modeling
the desired behavior. The individual is then convinced that he or she should be able to
successfully perform the task or model the behavior as well, leading to increased selfefficacy. The effect on the observer’s self-efficacy is moderated by several factors
including the degree to which the observer identifies with the person experiencing
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success (the model), the perceived difficulty of the task, and the context by which the
modeled achievements were carried out. Verbal or social persuasion may also influence
one’s self-efficacy. Through persuasive suggestion that one possesses the capabilities to
master difficult situations, an individual may develop beliefs that lead to greater selfefficacy. The effect on the person’s self-efficacy may be influenced by the persuader’s
perceived credibility, trustworthiness, and assuredness; the more believable the source of
the information, the more likely efficacy expectations will change (Bandura, 1986).
Emphasized in Bandura’s social learning theory (1978), one’s state of physiological
arousal determines their levels of anxiety and stress and may also affect one’s selfefficacy toward a task or behavior.
Tschannen-Moran et al. (1998), through examining the development of teacher
efficacy beliefs, found that all four sources postulated by Bandura (1986) have been
included in sources of teaching efficacy expectations. In accordance with Bandura
(1986), the personal accomplishment achieved through mastery experiences was found to
be the most powerful source of teaching efficacy. Through actual teaching experiences in
the classroom, teachers can assess their ability to teach and can determine how their
strengths and weaknesses affect their ability to manage, instruct, and evaluate students.
Also, observing others teach, through vicarious experiences, provides insight into the
nature of the teaching task, including decisions about who is responsible for student
learning and to what extent the teacher can make a difference in that learning. Verbal
persuasion from supervisors, other teachers, and even students may also influence teacher
efficacy and provide information about the nature of teaching. This may include
providing encouragement and/or strategies for meeting challenges and providing specific
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feedback about how to develop the teacher’s skills and strategies to effectively implement
a specific teaching task. Lastly, one’s self-perception of teaching ability may be impacted
by the degree of emotional and physiological stimulation experienced in a particular
teaching situation (Brand & Wilkins, 2007; Tschannen-Moran et al., 1998).
Elementary STEM Teacher Preparation
In order for the U.S. to compete in the 21st-century global workforce, elementary
school teachers’ ability to teach content and skills in the STEM disciplines needs
improvement. Integrated skills and knowledge in STEM fields, developed through early
experiences in primary school, are crucial for the development of 21st-century
competencies. Future teachers play an important role in the development of these
competencies and must have strong content knowledge and PCK in order to teach STEM
lessons and make meaningful connections among STEM disciplines in their future
classrooms (Berlin & White, 2012; Epstein & Miller, 2011; Kurup et al., 2017). “If
teachers do not have a solid understanding of what constitutes effective STEM
integration then it may be implemented poorly. For teachers new to integrated STEM
education, content knowledge and teaching practices are the most important
considerations” (Stohlmann et al., 2013, p. 13). Research (Alexander, 2011) has also
suggested that the attitudes and beliefs that teachers have toward a subject influence their
own instructional practices. Specifically, the attitudes that teachers have towards STEM
subjects can potentially decrease their students’ interests in these subjects and future
STEM careers.
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Elementary STEM Education
The foundation for future STEM learning is built in elementary school
mathematics and science. Early exposure to STEM education provides the youngest
students with opportunities to learn and understand basic STEM content. Through realworld experiences, these future professionals are provided an authentic view of STEMrelated working environments created to nurture positive impressions of integrated STEM
content. Furthermore, engaging elementary students in integrated STEM education gives
students insight into STEM content areas and job opportunities at a younger age,
informing important decisions concerning their future career paths (DeJarnette, 2012;
Epstein & Miller, 2011; Murphy & Mancini-Samuelson, 2012).
Kermani and Aldemir (2015) investigated the influence of content-specific,
purposeful, and intentional integrated STEM activities including mathematics, science,
and technology on pre-K student learning of mathematics and science skills and concepts.
Participants included 58 pre-K students (24 females and 34 males) from a local school
district that were randomly assigned to the treatment group that received the
mathematics, science, and technology intervention. The mathematics and science scores
of the participants in this study significantly increased as a result of the integrated
approach to teaching mathematics and science with technology. These findings suggest
that early education programs should include an integrated approach to teaching
mathematics and science as preschoolers’ “openness to math concepts and their innate
scientific curiosity provide a perfect opportunity to nurture their growth in science, math,
and technology areas” (p. 1504).
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Similar to findings at the early childhood level, a review of the research
(Barcelona, 2014; Becker & Park, 2011; Kermani & Aldemir, 2015; Sanders, 2009)
revealed benefits of integrated STEM learning experiences at the elementary school level.
Barcelona (2014) found that student achievement at the elementary level was higher
when students were engaged in integrated STEM learning. Integrative approaches to
STEM education improve student learning and student attitudes as they are engaged in
real-life, problem-solving learning contexts. The constructivist learning approach also
includes engaging students in higher-order thinking, which requires teachers to adjust
their role in the classroom to be more of a facilitator of student-centered learning.
Providing early access to an understanding of the foundations of STEM learning within
the elementary curriculum offers unique opportunities for integrative approaches to
STEM education that may increase interest in and preparation of students to enter STEM
careers (Becker & Park, 2011; Kermani & Aldemir, 2015; Sanders, 2009).
However, research (Nadelson, et. al., 2013; NAE & NRC, 2014) suggests that
many elementary teachers lack the content knowledge, confidence, and self-efficacy for
teaching STEM content and guiding their students to greater success in STEM fields. The
lack of content knowledge can negatively impact a teacher’s efficacy, confidence, and
comfort in teaching STEM lessons. Furthermore, with the emphasis on numeracy and
literacy blocks, the amount of time teaching STEM-related disciplines has declined
(Nadelson et. al., 2013; NAE & NRC, 2014). Nadelson et al. (2013) recognized the
importance of STEM curriculum and instruction at the elementary school level as a
means to increase student interest in STEM fields. Increasing student interest in,
awareness of, and understanding of STEM careers requires teachers to possess adequate
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knowledge of teaching STEM content and awareness of STEM careers. Thus, providing
opportunities for elementary teachers to increase their STEM content knowledge and
heighten their perceptions of STEM teaching and learning may influence their efficacy,
confidence, and comfort with teaching integrated STEM content so they may effectively
implement integrated STEM education into their classrooms.
Developing Preservice Teachers’ STEM Content Knowledge
Content knowledge is defined as the amount and organization of knowledge that a
teacher possesses. Extending beyond the rules or facts within the discipline, teachers
must be able to justify concepts or propositions and explain why they are important.
Teachers must be able to relate them to other concepts within and outside of the
discipline in theory and in practice (Shulman, 1986). Specific to mathematics,
mathematical knowledge for teaching includes a deep understanding of the content and
using multiple representations that surpasses the ability to perform an algorithm. Using
their own mathematical reasoning, teachers carry out instructional tasks in the classroom
that include analyzing student misconceptions and misunderstandings to enable them to
develop their own reasoning and deepen their understanding of the mathematical
concepts. In an analysis of 700 teachers in grades 1-3 (and almost 3,000 students),
findings indicated that the teachers’ mathematical knowledge, both common and
specialized content knowledge, was a significant predictor of gains in student
achievement (Ball, 1990; Ball, Hill, & Bass, 2005).
Lewis et al. (2014) investigated the impact of an interdisciplinary model of
teaching science on preservice teachers’ ideas about teaching science. Participants were
engaged in a 5-week summer elementary science methods course paired with a daily field
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experience in an inner-city summer school program. The preservice teachers developed
and implemented two lessons that followed the 5E model (Bybee et al., 2006) and used
science notebooks throughout the course, learning how to effectively use them in the
elementary classroom to develop scientific practices. Results from this study supported
the researchers’ hypothesis that an interdisciplinary approach to teaching science would
positively impact the elementary preservice teachers’ beliefs about teaching science and
increase their understanding of science and knowledge of strategies for introducing new
scientific concepts. They “identified how an inquiry-based instructional approach
encouraged the development of critical thinking skills, science process skills, and a
greater awareness and self-regulation of one’s’ own learning” (Lewis et al., 2014, p. 160).
They further recognized the importance and value of inquiry-based teaching and learning,
science notebooks, addressing equity issues in the classroom, and integrated science
instruction.
Participation in an intensive mathematics and science content professional
development program has also shown to positively impact elementary and secondary
preservice teachers’ mathematics and science content knowledge (Jeffery et al., 2015).
The preservice and in-service teachers within this study engaged in hands-on
mathematics and science lessons and participated in workshops focusing on developing
their understandings of mathematical and scientific concepts taught in grades 4-8.
Throughout the development of STEM lessons and reflection on teaching practices, the
collaboration between preservice teachers, in-service teachers, mathematics and science
educators, and peers was an integral part of this program and could be an invaluable
experience within other teacher preparation programs (Jeffery et al., 2015).
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Yet with the focus on developing teachers’ STEM content knowledge, few
teacher preparation programs exist in the U.S. that are preparing teachers with
appropriate content knowledge in more than one STEM discipline (NAE & NRC, 2014).
Preservice teachers also bring their own ideas to teacher education programs about what
content knowledge will be sufficient to teach STEM content. Stemming from how they
learned mathematics and science in grades K-12, they believe the sufficient content
knowledge for teaching includes the basic facts, rules, definitions, and procedures within
the disciplines. Whereas knowledge of facts and procedures is important, this limited
knowledge does not adequately prepare preservice teachers to engage their future
students in developing conceptual understanding through inquiry-based learning, nor to
identify and address student misunderstandings and misconceptions within mathematics
and science (Ball, 1990; Fuentes, Bloom, & Peace, 2014).
Developing Preservice Teachers’ STEM Pedagogical Content Knowledge
A deeper science and mathematics content knowledge is not the only factor in
increasing preservice teachers’ confidence and self-efficacy to teach integrated STEM
lessons. Teachers’ content knowledge is insufficient without knowledge of rich
connected understandings within their content as well as the ability to teach with
understanding. The interconnections between the mathematics and science content and
common teaching strategies must also be emphasized to ensure more effective delivery of
instruction. Within Shulman’s (1986) construct of PCK, effective teachers should
understand how to organize and present content in such a way that students’ interests are
stimulated. Teachers that have command of PCK utilize planning and lesson
implementation in such a way that they move students beyond a basic understanding into
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deeper conceptual understanding. In the case of STEM content, students begin to
recognize the interconnectedness of the disciplines (Ball, 1990; Shulman, 1986). This
deep understanding suggests that a teacher can communicate not only a particular concept
but the rationale for the concept and the way in which it connects to other related
concepts. This includes the ability to access and address foundational prior knowledge
and extend beyond the concepts to develop students’ higher-order understandings (Kelley
& Knowles, 2016). Strong PCK also considers assessment as well as reflection on one’s
teaching practice (Ball, 1990; Shulman, 1986). Thus, professional organizations have
suggested that teacher preparation programs must include opportunities for preservice
teachers to engage in authentic mathematics and science practices (Achieve, 2012;
NCTM, 2014; NGACBP, 2010), allowing them to deepen both their content knowledge
and PCK in mathematics and science.
Enhancing Preservice Teacher Attitudes and Confidence/Self-Efficacy
In addition to content knowledge and PCK, preservice teachers enter teacher
education programs with beliefs in their abilities and attitudes towards their skills in
teaching STEM content effectively (Maher et al., 2013). Findings of Corlu et al. (2015)
revealed that poor attitudes of preservice teachers toward mathematics and science may
negatively affect their ability to learn and effectively teach the content in both subjects.
The impact of the integrated approach offered by the university in the study was
significant for preservice mathematics and science teachers’ attitudes toward teaching
integrated mathematics and science lessons. The preservice teachers in the integrated
program experienced more balanced coursework of content and pedagogy within an
integrated framework, which may have led to enhanced attitudes related to teaching
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mathematics and science. Implications revealed that preservice teachers who participate
in an integrated approach to teaching mathematics and science may understand and teach
STEM content with strong real-life connections in their future classrooms. Additionally,
research suggests that elementary preservice teachers exhibited more positive attitudes
toward science and mathematics after participating in inquiry-based content and methods
courses while also showing increased confidence to do so (Ball, 1990; Jong & Hodges,
2013; Riegle-Crumb et al., 2015).
Preservice teachers also recognize the influence that their own beliefs about
STEM content and STEM teaching and learning have on their future students. Maher et
al. (2013) found that preservice teachers’ beliefs about teaching are formed during their
K-12 educational years. According to belief theory (Bryan and Atwater, 2002), beliefs
drive a person’s actions based on their thinking about the particular constructs. Beliefs
are defined as “opinions or convictions firmly held by preservice teachers, specifically
toward teaching and learning in STEM fields” (p. 268). Thus, teacher preparation
programs should provide opportunities for preservice teachers to examine their beliefs
and attitudes toward STEM education in order to escalate the goals of STEM education
for their future students.
According to Kurup et al. (2017), positive beliefs and understandings about
STEM education can lead to more confident and competent teachers connecting STEM
learning to the daily lives of their students. Preservice teachers participating in the study
identified important aspects that would positively impact their ability to effectively teach
STEM content including resources and leadership, their own STEM content knowledge,
and collaboration among teachers using an integrated framework. Identified concerns that
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impact the implementation of integrated STEM education included lack of confidence in
their ability to teach mathematics and science, to incorporate STEM content in the
curriculum, and to facilitate a creative, integrated, active learning environment for their
students. Analysis of the data suggested that future teachers need to develop skills within
teacher preparation programs to incorporate science, technology, engineering, and
mathematics in an integrated framework. Furthermore, future teachers need more
exposure to better leadership, more professional development, and specialization in
STEM practices and procedures including integrated teaching. Preservice teachers need
to feel confident and well-prepared to teach the content, as well as the practices in STEM
fields so that their students are equipped with 21st-century skills (Kurup et al., 2017).
According to Moseley & Utley (2006), reform in teacher education and science
education called for a revision of science courses to include both content and pedagogy
for teacher education students. Using Bandura’s (1978) social learning theory of selfefficacy as the theoretical framework, the researchers in this study measured the impact
of participation in a mathematics and science content-based course on elementary
preservice teachers’ efficacy, beliefs, personal teaching, and outcome expectancy of
mathematics and science teaching. They suggested that participation in a content course
emphasizing science and mathematics could impact preservice teachers’ efficacy,
especially in their beliefs about their influence on student outcomes. The researchers
suggested that preservice teachers who begin their career as a teacher with a greater selfefficacy in mathematics and science will be more apt to enter the classroom better
prepared and more likely to remain in the teaching field for a longer amount of time.
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Rinke et al. (2016) investigated the impact of a redesigned science and
mathematics methods course on elementary preservice teachers’ efficacy and knowledge
for planning and teaching integrated STEM lessons. Results indicated that each of the
preservice teachers increased his or her mathematics and science teaching efficacy as
well as PCK. The STEM block offered preservice teachers opportunities to increase their
confidence in teaching STEM content through more concentrated learning and more
opportunities to practice teaching strategies, leading to greater efficacy in teaching
integrated STEM content. Implications included the revisions of the traditional methods
of instruction courses may better prepare future elementary teachers to teach integrated
STEM lessons.
Providing Meaningful Elementary School Classroom Experience
Preservice teachers not only lack exposure to STEM teaching in their university
coursework but also in their elementary classroom field placements, leading them to feel
unprepared to teach STEM lessons in their future classrooms (Kurup et al., 2017). Field
placements also play a pivotal role in determining the extent to which integrated STEM
lessons are planned and implemented. Preservice teachers rarely observe classrooms in
which teachers implement an integrated approach to teaching mathematics and science.
Rather, they experience lecture-based instruction with segregated mathematics and
science curricula. Schleigh et al. (2011) suggested the need for change in preservice
teachers’ field experiences in the elementary classroom to include exposure to integrated
instruction in order to support their future teaching using an integrated approach.
In an effort to advance integrated instruction, Adams et al. (2014) used placebased learning to provide 50 elementary education preservice teachers with authentic and
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diverse experiences with elementary school students throughout two semesters of
mathematics, science, and social studies methods of instruction coursework. The outdoor
science classroom and the local reservation school provided the context for the preservice
teachers to design and implement STEM lessons. Results indicated that engaging
elementary preservice teachers in placed-based learning led to a more meaningful
understanding of place-based learning and its impact on teaching authentic STEM lessons
relevant to the community and environment. Preservice teacher’' attitudes toward
teaching STEM content were heightened throughout this experience, as well as their
intent to teach integrated STEM lessons using placed-based experiences in their future
classrooms. Exposing elementary preservice teachers to the abundant local resources that
can be utilized to teach authentic STEM lessons may lead to heightened attitudes toward
teaching integrated STEM content through the lens of place-based learning. These
authentic and diverse experiences may also engage preservice teachers in creating and
implementing student-centered, inquiry-based, hands-on lessons that lead to meaningful
learning of STEM content in an integrated framework. Is is suggested that teacher
preparation programs need to include STEM education in their coursework and offer
preservice teachers an opportunity to observe and implement effective and authentic
STEM practices in their field placements in classrooms with teachers who are committed
to curriculum integration in the STEM subjects and in which integrated STEM lessons
are prevalent (Barcelona, 2014; Kurup et al., 2017; Radloff & Guzey, 2017).
Conclusion
With an emphasis on the need for 21st-century skills, some researchers claim that
teacher preparation programs must be the starting point for future teachers to develop
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those skills within their students. By providing a safe environment of teaching and
learning where misconceptions can be addressed within teacher preparation programs,
preservice teachers have the opportunity to gain confidence in their understandings of
STEM content and pedagogy for the K-12 classroom. Embedded throughout a teacher
preparation program, experiences ensuring that explicit connections are made among the
STEM disciplines contribute to the preparation of preservice teachers to teach integrated
STEM lessons (Corlu et al., 2015; Epstein & Miller, 2011; Kurup et al., 2017; Murnane,
2016; Riegle-Crumb et al., 2015; Thanheiser, Browning, Moss, Watanabe, & GarzaKing, 2010; Watters & Ginns, 2000).
STEM integration can be successfully implemented and positively impact
education while increasing student interest in STEM disciplines. Integrated STEM
education encourages student learning and increases students’ confidence in learning
mathematics and science in a fun, innovative way using real-world problem solving
across disciplinary boundaries (Wang, Moore, Roehrig, & Park, 2011). Overall the
review of the literature supported the need for additional research into ways to improve
methodological coursework approaches at the elementary preservice teacher level as both
mastery of integrated STEM content and pedagogy remain a challenge within teacher
preparation programs.
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CHAPTER III - METHODOLOGY
The purpose of this study was to investigate the extent to which successful
completion of integrated mathematics and science methods of instruction courses related
to elementary preservice teachers’ attitudes toward and confidence in teaching integrated
STEM lessons, and the extent to which their attitudes and confidence correlated with
their proficiency in planning integrated STEM lessons. In particular, the researcher
proposed to provide a model for elementary integrated STEM teacher preparation. This
mixed-methods study was guided by the following questions:
Among elementary preservice teachers participating in integrated mathematics
and science methods of instruction courses:
RQ1.

…to what extent do their experiences relate to their attitudes toward

teaching integrated STEM lessons?
H1: Elementary preservice teachers’ attitudes toward teaching integrated STEM
lessons will be significantly higher after successful completion of integrated mathematics
and science methods of instruction courses.
RQ2.

… to what extent do their experiences relate to their confidence in

teaching integrated STEM lessons?
H2: Elementary preservice teachers’ confidence in teaching integrated STEM
lessons will be significantly higher after successful completion of integrated mathematics
and science methods of instruction courses.
RQ3.

… to what extent do their attitudes and confidence with regard to teaching

integrated STEM lessons correlate with their proficiency in planning integrated STEM
lessons?
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H3: Elementary preservice teachers’ attitudes and confidence with regard to
teaching integrated STEM lessons will positively correlate with their proficiency in
planning integrated STEM lessons after successful completion of integrated mathematics
and science methods of instruction courses.
Research Design
The primary research goal of this study was to explore changes in elementary
preservice teachers’ attitudes and confidence with regard to teaching integrated STEM
lessons, and the correlation of those constructs with their proficiency in planning
integrated STEM lessons. To do this, a mixed-methods, sequential, explanatory design
was used (Creswell & Plano Clark, 2011). In a mixed-methods approach, the collection
and analysis of both quantitative and qualitative data are necessary to gain a better
understanding of the phenomena under investigation. In this mixed-methods, sequential,
explanatory design, strong pre-existing quantitative data were analyzed in the first phase,
followed by informative qualitative data collected and analyzed in the second phase. The
strength of this design is that it is straightforward, with qualitative data used to support
initial quantitative data, allowing the researcher to connect quantitative statistics with
personal experiences (Creswell & Plano Clark, 2011; Johnson & Christensen, 2008). The
rationale for this approach was that the results from the quantitative data would provide
an overall measure of the impact of the preservice teachers’ successful completion of
integrated mathematics and science methods of instruction courses on their attitudes
toward, confidence in, and proficiency in planning integrated STEM lessons. The
qualitative data and subsequent analysis was used to provide an explanation of the
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quantitative results by exploring the elementary preservice teachers’ perceptions of
planning and teaching integrated STEM lessons in more depth.
Secondarily, a longitudinal research design was also used to make comparisons
across time (Johnson & Christensen, 2008). As illustrated in the research design (Figure
2), the researcher compared the changes in the preservice teachers’ attitudes and
confidence over their final two semesters in the K-6 Teacher Education Program,
culminating in the internship semester. Quantitative data from O1, and O2, as well as data
from the qualitative phase were collected during Spring 2018 as part of a systematic
program review that included the newly designed and implemented integrated
mathematics and science methods of instruction courses. The final quantitative data from
O3 were collected during Fall 2018. Data were analyzed and triangulated to establish
corroboration of the quantitative and qualitative data (Bryman, 2006).
Figure 2. Design of the research study
O1

X
QUAN

O2

focus group
Qual

O3
QUAN

Figure 2. O1 included the first (pre-) administration of both questionnaires, O2 included the second (post-) administration of both
questionnaires and the analysis of the learning segment, and O3 included the final (delayed post-) administration of both
questionnaires. The qualitative phase included responses to semi-structured interviews.

Participants
Participants in this study consisted of 24 elementary preservice teachers enrolled
in their final two semesters of the K-6 Teacher Education Program at a four-year public
university situated in an urban city in the southeastern U.S. As part of a program in which
all K-6 Teacher Education candidates have an opportunity for attaining an initial teaching
certificate in both K-6 Elementary Education and Collaborative K-6 Teacher Education
(Special Education), the participants completed the final two semesters of the program
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which included a Tier 3 methods of instruction block semester and a Tier 4 internship
semester. Participant data were obtained and analyzed from data collected by the Tier 3
faculty during the Spring 2018 semester as part of a systematic program review.
Additional data were collected and analyzed from the participants during the Fall 2018
internship semester.
Quantitative Phase
The elementary preservice teachers enrolled in the Spring 2018 Tier 3 coursework
were available and could easily be recruited for participation in the study. Furthermore,
the researcher was the Tier 3 elementary mathematics methods of instruction course
instructor, resulting in the use of a convenience sample for the quantitative phase
(Johnson & Christensen, 2008). A power analysis was conducted in G*Power to
determine the recommended sample size (Faul, Erdfelder, Buchner, & Lang, 2013).
Using standard power ( = 0.80), alpha level of 0.05, and a medium effect size (f2 = .25),
the recommended sample size was 28, which aligned with the suggested minimum
sample size requirement for a multivariate analysis of variance (MANOVA) of at least 20
cases (Hair, Black, Babin, & Anderson, 2010). All 24 elementary preservice teachers
were females ranging in ages 21-36, and were recruited and voluntarily agreed to
participate in the study. No incentives were offered to the preservice teachers.
Qualitative Phase
To provide further explanatory power to the quantitative results, a purposeful
sample of the participants in the quantitative phase was selected for the qualitative phase
of this study (Creswell & Plano Clark, 2011; Johnson & Christensen, 2008). The Tier 3
faculty agreed upon the participants selected for the sample based on their active
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participation in class, course grades, and overall attitudes and effort they demonstrated
toward becoming an effective teacher. Upon completion of the Tier 3 coursework, the
researcher solicited 11 diverse participants to potentially participate in the focus group
(typically 6 to 12 purposefully selected participants and a moderator). These 11
participants represented unique voices in the methods of instruction courses. Four of the
11 agreed to participate in the focus group and provided responses to open-ended
questions used to provide useful information to complement and aid in the interpretation
of the previously collected quantitative data (Johnson & Christensen, 2008; Merriam,
2002). According to Merriam (2002), the researcher is the primary instrument for data
collection and analysis; thus, the researcher moderated the semi-structured interviews in
the focus group. No incentives were offered to the preservice teachers, but light snacks
were provided by the Tier 3 faculty.
Role of Researcher
The researcher had been the instructor of the elementary mathematics methods of
instruction course for over 15 years, as well as a university supervisor for K-6 preservice
teaching experiences in the elementary classroom. Using a constructivist, hands-on,
inquiry-based approach, the researcher provided opportunities for elementary preservice
teachers to develop the necessary mathematical PCK and identify effective strategies to
teach mathematics in the K-6 classroom. Aligned with research (NAE & NRC, 2014), the
researcher’s observations in local elementary classrooms had revealed an emphasis on
numeracy and literacy blocks, resulting in a decreased amount of time teaching STEMrelated disciplines. The goal of the researcher was to determine how best to prepare
elementary preservice teachers, through participation in an integrated approach to
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mathematics and science methods of instruction courses, to teach integrated STEM
lessons with authentic real-life connections in their future classrooms (Corlu et al., 2015).
Instrumentation
To address the research questions for this study, both quantitative and qualitative
data were collected at different time points within the study. Because the researcher
found no single instrument that would provide information to address all of the research
questions in the study, questionnaires, a learning segment rubric, and semi-structured
interviews were used to synthesize and triangulate the findings seeking corroboration of
the quantitative and qualitative data (Bryman, 2006). Based on the results of the Fall
2017 pilot study, in which each of the instruments were pre-tested, necessary
modifications to the instruments were completed. (Description of the pilot study can be
found in Chapter IV.) During the initial and intermediate quantitative phases and the
qualitative phase, data from the instruments were collected by the Tier 3 faculty as part of
a systematic program review which included the newly designed and implemented
integrated mathematics and science methods of instruction courses. The data were
obtained by the researcher for use in the study (Appendix B). During the final
quantitative phase, additional open-ended questions were added to both questionnaires to
provide further explanation of the results from the data collected during Spring 2018.
Quantitative Phase
During the quantitative phase, data were collected at three time points. During the
first week of the Spring 2018 semester, the participants completed two questionnaires,
including demographics, which provided pre-treatment data (QUAN1). The
questionnaires and the output data were generated using Qualtrics software, Copyright ©
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2018 Qualtrics. Qualtrics and all other Qualtrics product or service names are registered
trademarks or trademarks of Qualtrics, Provo, UT, USA. https://www.qualtrics.com.
During the final week of the Spring 2018 semester, the participants completed the two
questionnaires which provided post-treatment data, and their integrated STEM learning
segment was scored using a rubric developed by the Tier 3 faculty (QUAN2). During the
final quantitative phase, the participants completed the two questionnaires that included
additional open-ended questions which provided delayed post-treatment data (QUAN3).
Descriptions of each of the quantitative instruments are described in the following
subsections.
STEM Attitudes Questionnaire
In order to accurately measure elementary preservice teachers’ attitudes toward
teaching mathematics and science in an integrated STEM framework, the researcher
received permission to use and modify the Survey of Attitudes Toward Statistics-36
(SATS-36) instrument developed by Schau (2003a) to measure post-secondary students’
attitudes toward statistics (Appendix C). The SATS-36 instrument consists of items that
assess six components of attitudes that include Affect, Cognitive Competence, Value,
Difficulty, Interest, and Effort. Students respond to each item using a 7-point Likert-type
response scale (Likert, 1967) ranging from 1 = strongly disagree, to 7 = strongly agree,
with the middle represented by 4 = neither agree nor disagree. The composite and
individual component scores are formed by reverse scoring the negatively worded items
so that a higher numbered response corresponds to more positive attitudes. The
composite score is determined by calculating the mean of all of the item responses. To
determine each component score, the mean of the item responses within each component
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are calculated. The survey was validated by an expert panel of instructors and statistics
students determining significant positive correlation of the instrument with Wise’s
Attitudes Toward Statistics scale (Wise, 1985). Initial item analysis revealed a range of
reliability coefficients depending on the sample using the original SATS©28 instrument
which included the components of Affect (.81 to .85), Cognitive Competence (.77 to .83),
Value (.80 to .85), and Difficulty (.64 to .77) (Schau, Stevens, Dauphinee, & Del Vecchio,
1995).
In order to address RQ1 and RQ3, the participants completed the STEM Attitudes
Questionnaire (Appendix D), adapted from the SATS-36 instrument, at three different
time points within the study. Modifications were made to the original items to reflect a
focus on integrated STEM education rather than statistics. Items such as “I will have
trouble understanding statistics because of how I think” were rewritten as “I will have
trouble understanding how to integrate mathematics and science because of how I think.”
The structure, original scale and scoring method, and the general theme of the original
instrument were maintained. The composite attitudes score was determined by
calculating the mean of all of the item responses. Each component score was determined
by calculating the mean of the item responses within each component. Table 1 describes
each component and provides sample items from the STEM Attitudes Questionnaire.
During the Fall 2017 pilot study, the researcher pre-tested the modified instrument for
internal reliability and validity to determine if the revised instrument functioned as it
should (Creswell & Plano Clark, 2011; Johnson & Christensen, 2008).
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Table 1
STEM Attitudes Questionnaire: components, definitions, and sample items

Component

Definition

Sample Item

Affect
(6 items)

elementary preservice
teachers’ “feelings
concerning” teaching
integrated STEM lessons

“I will like teaching
mathematics and science in
an integrated STEM
framework.”

Cognitive Competence
(6 items)

elementary preservice
teachers’ “attitudes about
their intellectual
knowledge and skills when
applied to” teaching
integrated STEM lessons

“I am capable of learning
how to teach mathematics
and science in an integrated
STEM framework.”

Value
(9 items)

elementary preservice
teachers’ “attitudes about
the usefulness, relevance,
and worth” of teaching
integrated STEM lessons

“Teaching mathematics
and science lessons in an
integrated STEM
framework should be a
required part of my
professional teacher
preparation.”

Difficulty
(7 items)

elementary preservice
teachers’ “attitudes about
the difficulty” of teaching
integrated STEM lessons

“Integrating mathematics
and science in a STEM
framework is complicated.”

Interest
(4 items)

elementary preservice
teachers’ “level of
individual interest” in
teaching integrated STEM
lessons

“I am interested in being
able to plan and teach
lessons that integrate
mathematics and science.”

Effort
(4 items)

“amount of work” the
elementary preservice
teacher devotes to teach
integrated STEM lessons

“I plan to persevere in
planning and teaching
integrated mathematics and
science lessons.”

Note. Adapted from The Importance of Attitudes in Statistics Education by C. Ramirez, C. Schau, & E. Emmioglu, 2012, p. 61.
www.evaluationandstatistics.com
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The STEM Attitudes Questionnaire was administered as part of a systematic
program review including the design and implementation of the integrated mathematics
and science methods of instruction courses. The data that were obtained from the Tier 3
faculty were used and analyzed as part of the first two quantitative phases of the study
(QUAN1, QUAN 2).
STEM Confidence Questionnaire
In order to accurately measure elementary preservice teachers’ confidence to
teach mathematics and science in an integrated STEM framework, the researcher and the
elementary science professor received permission to use and modify the Self-Efficacy to
Teach Science in an Integrated STEM Framework (SETIS) Instrument (Appendix E),
developed to measure active K-12 science teachers’ confidence in their abilities (selfefficacy) to teach science within an integrated STEM framework (Mobley, 2015). The
SETIS instrument consists of 30 self-report response items using a 1-4 Likert-type
response scale (Likert, 1967), 12 demographic items, and one open-ended response
question. According to Bandura (1978), items measuring self-efficacy should be worded
in terms of “can do”, representing the perception of ability. Thus, the option for neutral
responses when measuring what a person can do does not allow for the accurate
assessment of their ability to do something at that moment. The four-choice format was
chosen to intentionally omit the neutral response option with 1 representing “not
confident at all” and 4 representing “very confident I can do this” (Mobley, 2015).
The SETIS instrument identifies three factors that contribute to science teachers’
confidence (self-efficacy) to teach science in an integrated STEM framework. The Social
factor includes a teacher’s beliefs about how others may perceive or affect his or her
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ability; the Personal factor, a teacher’s individual beliefs about his or her ability; and the
Material factor, the technology-based resources and other constructs outside of a
teacher’s control. The survey was validated by an expert panel of college professors and
advanced graduate students with STEM backgrounds and teaching experience. Reliability
for each of the three factors was established through an item analysis using Cronbach’s
alpha (1951). The Social factor includes ten items and had the highest reliability
coefficient (r = .918). The Personal factor, comprised of five items, also had a high
reliability coefficient (r = .917). The Material factor had the lowest reliability coefficient
(r = .878) but was determined to have good reliability (r > .70) (Mobley, 2015).
In order to address RQ2 and RQ3, the participants completed the STEM
Confidence Questionnaire (Appendix F) at three different time points within the study.
Modifications were made to some of the SETIS items to reflect a more general focus on
integrated STEM by rewriting items such as “develop new knowledge and skills
necessary to teach science from within an integrated STEM framework” to be “develop
new knowledge and skills to teach science and mathematics within an integrated STEM
framework.” Table 2 describes each of the three factors and provides sample items from
the STEM Confidence Questionnaire (Appendix F). The structure, original scale and
scoring method, and the general theme of the SETIS instrument were maintained. The
overall confidence score was determined by calculating the mean of all of the item
responses. Each factor score was determined by calculating the mean of the item
responses within each factor.
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Table 2
STEM Confidence Questionnaire: factors, definitions, and sample items

Factor

Definition

Sample Item

Social
“others-oriented”
(10 items)

elementary preservice
teachers’ confidence in
their ability to teach
mathematics and science in
an integrated STEM
framework “related to
aspects of self-efficacy that
were not entirely within
the teachers’ control”

Choose your level of
confidence in your ability
to “Earn acceptable
teacherevaluation/performance
scores while teaching
science and mathematics in
an integrated STEM
framework.”

Personal
“self-oriented”
(5 items)

elementary preservice
teachers’ confidence in
their ability to teach
mathematics and science in
an integrated STEM
framework “related to
aspects of self-efficacy that
are within the control of
the individual and
theoretically immune from
outside influence”

Choose your level of
confidence in your ability
to “Use my understanding
of integrated STEM in a
way that allows me to teach
science and mathematics
effectively.”

Material
"peripherally-oriented"
(4 items)

elementary preservice
Choose your level of
teachers’ confidence in
confidence in your ability
their ability to teach
to “Access technology to
mathematics and science in teach science and
an integrated STEM
mathematics from within an
framework “related to
integrated STEM
aspects of self-efficacy that framework.”
reside outside of individual
or social control”
________________________________________________________________________
Note. Adapted from Development of the SETIS instrument to measure teachers’ self-efficacy to teach science in an integrated STEM
framework (Doctoral Dissertation) by M. Mobley, 2015, p. 99.

During the Fall 2017 pilot study, the STEM Confidence Questionnaire was pretested for internal reliability and validity to determine if it functioned as intended
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(Creswell & Plano Clark, 2011; Johnson & Christensen, 2008). During the Spring 2018
semester, the STEM Confidence Questionnaire was administered as part of a systematic
program review including the design and implementation of the integrated mathematics
and science methods of instruction courses. The data were obtained from the Tier 3
faculty and were used and analyzed as part of the first two quantitative phases of the
study (QUAN1, QUAN 2).
Additionally, open-ended questions were added to the STEM Attitudes
Questionnaire and the STEM Confidence Questionnaire that were administered in the
final quantitative phase (QUAN3) (Appendix G). These questions were added to give the
participants an opportunity to explain in greater depth how their attitudes toward and
confidence in teaching integrated STEM lessons had changed over their final two
semesters. Furthermore, these questions gave the participants the opportunity to share
their experiences with planning and teaching integrated STEM lessons throughout the
two semesters.
Integrated STEM Learning Segment
To address RQ3, the participants’ individual integrated STEM learning segments
were analyzed using the Integrated Science/Math Learning Segment Rubric (Appendix
H) developed by the researcher and the elementary science professor who co-taught the
integrated mathematics and science methods of instruction courses. The integrated STEM
learning segment included three to five consecutive days of integrated mathematics and
science lessons utilizing the 5E model (Bybee et al., 2006). The framework of the rubric
was based on components of STEM teaching and learning including active, inquiry-based
learning; authentic, real-world problem solving; integration of mathematics and science
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concepts using a variety of mathematical and scientific practices; and appropriate use of
technology (Brown et al., 2011; Bybee, 2013; English, 2016).
The Integrated Science/Math Learning Segment Rubric was pre-tested in the Fall
2017 pilot study. After the pilot study, the Integrated Science/Math Learning Segment
Rubric was modified to make the integrated STEM lesson components more explicit and
more efficiently measured with specific allotted points to each component. During the
Spring 2018 semester, the Integrated Science/Math Learning Segment Rubric was used to
determine each participant’s proficiency in planning his or her integrated STEM learning
segment by providing a score out of a possible 170 points. The scores that were obtained
from the Tier 3 faculty were analyzed in the intermediate quantitative data phase of the
study.
Qualitative Phase
As part of the systematic program review, semi-structured interviews were
conducted within a focus group of four purposefully sampled preservice teachers.
Traditionally, focus group research is “a way of collecting qualitative data, which
essentially involves engaging a small number of people in an informal group discussion
(or discussions), ‘focused’ around a particular topic or set of issues” (Wilkinson &
Silverman, 2004, p. 177). The research-based questions in the interview protocol were
developed by the Tier 3 faculty which included the researcher, the elementary science
professor, and the special education professor who co-taught within the methods of
instruction courses (Appendix I). The protocol and the transcribed interviews were
obtained by the researcher and analyzed in the qualitative phase of the study.
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Procedures
This study was approved by the Institutional Review Board (IRB) at both the
university in which the researcher was enrolled as a graduate student and the university in
which the study was conducted (Appendices A-B). In order to pre-assess each instrument,
a pilot study was conducted during the Fall 2017 semester, and instruments were
modified based on the resulting data analyses.
Quantitative Phase
During the quantitative phase, the participants were surveyed at three different
time points throughout the Tier 3 and Tier 4 semesters. Procedures within each phase are
described in the following subsections.
Initial Quantitative Phase
The participants were introduced to the study during the first class meeting of the
Spring 2018 Tier 3 semester. A Tier 3 faculty member, other than the researcher,
described the goals of the study and administered paper copies of the long consent forms,
required by the institution in which the researcher was enrolled as a graduate student, to
the elementary preservice teachers enrolled in the methods of instruction courses. The
elementary preservice teachers were invited to ask questions and express concerns
regarding the study; however, there were no questions or concerns expressed by the
elementary preservice teachers. The consent forms were signed by those who agreed to
participate. The informed consent for the institution where the study was being conducted
was embedded in the STEM Attitudes Questionnaire and the STEM Confidence
Questionnaire that the participants completed online. The study was explained by the
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faculty member, and the participants agreed to participate by selecting "yes" to the first
question regarding the agreement to participate.
Using the Qualtrics (Qualtrics, Provo, UT) platform, the participants voluntarily
completed both questionnaires online using their own laptops, tablets, or smartphones
within 30 minutes in a classroom on the university campus. The participants used a 4digit identification code so the data could be organized and matched to address all
research questions. The researcher printed the electronically signed consent forms and
obtained the long consent forms from the Tier 3 faculty member and stored them in a
locked cabinet for one year after the dissertation defense. Both data sets were stored on
the researcher’s external hard drive for a period of one year after the dissertation defense.
Treatment
The mathematics and science methods of instruction courses were grounded in
constructivism, engaging elementary preservice teachers in active, inquiry-based
learning. Historically, the mathematics and science methods of instruction courses in the
K-6 Teacher Education Program focused on content-specific, standards-based curriculum
and pedagogy without emphasis on integration of the two STEM disciplines. Prior to the
Fall 2017 pilot study, the researcher and the elementary science professor revised each
course to include integrated mathematics and science pedagogy using a variety of coteaching strategies, as reflected in each course’s syllabus and schedule (Appendices J-K).
Whereas both methods of instruction courses continued to include many content-specific
learning activities and experiences, authentic and intentional integrated mathematics and
science learning activities were included to offer the elementary preservice teachers an
opportunity to experience integrated STEM education as learners and teachers.
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Throughout the integrated mathematics and science methods of instruction
courses, the preservice teachers participated in Team-Based Learning, working
collaboratively through real-life problem solving to develop conceptual understanding of
mathematical concepts, mathematical reasoning, and scientific literacy. The Standards for
Mathematical Practice (NGACPB, 2010), the Mathematics Teaching Practices (NCTM,
2014), and the Science and Engineering Practices (Achieve, 2012) guided student
engagement and learning, as well as the co-teaching strategies modeled by the instructors.
As the preservice teachers were enrolled in the K-6 collaborative teacher preparation
program (regular and special education), all preservice teachers engaged in multiple
integrated STEM lessons co-taught by the mathematics methods instructor, the science
methods professor, and the special education professor. To deepen their experience, the
preservice teachers were also required to collaboratively plan an integrated STEM lesson
utilizing Team-Based Learning. Each team of preservice teachers was assigned different
grade-level content standards for mathematics and science. Working with their teams,
they used the 5E model of instruction (Bybee et al., 2006) to guide the planning of the
integrated mathematics and science lesson. Implementation of active, inquiry-based
learning using a hands-on approach for both the mathematics and science content was a
required component of the lesson, as well as student engagement in real-world problem
solving. The mathematics and science and engineering practices were required to be
embedded throughout the instructional activities as well. Using the Mathematics/Science
Continuum model (Huntley, 1998) as the theoretical framework, the teams developed a
“mathematics and science” integrated lesson (p. 322). After the initial draft of the lesson
plan was completed, each team met with and received individual feedback from the
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mathematics methods instructor, the science methods professor, and the special education
professor using the stations co-teaching model. In order to share strategies and ideas, the
revised team lesson plans were presented to both the faculty and the preservice teachers
enrolled in the class, which provided an opportunity for the preservice teachers to receive
additional feedback and suggestions for further refining their integrated STEM lessons.
This lesson plan was not required to be implemented in an elementary classroom.
However, all team lesson plans were shared with each of the preservice teachers so they
could be used as future resources.
Following the team lesson planning, each preservice teacher was required to
individually design and implement a consecutive three- to five-day integrated STEM
learning segment in his or her elementary classroom teaching experience. Following the
requirements and guidelines of the team integrated STEM lesson, the preservice teachers
used both mathematics and science content standards aligned with their grade level
placements to design consecutive integrated STEM lessons. Using the same station model
of co-teaching, the preservice teachers received individual feedback from each of the
three Tier 3 faculty, with collaboration among the faculty to ensure the integration was
authentic. The individual three- to five-day integrated STEM learning segment was
submitted to be evaluated using the Integrated Science/Math Learning Segment Rubric.
Upon implementation of the learning segment in an assigned elementary school
placement, the preservice teachers submitted a written reflection. Each of the Spring 2018
Tier 3 preservice teachers completed all of the outlined course requirements and had
multiple opportunities to engage in integrated STEM education as a learner and a teacher.
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Intermediate Quantitative Phase
During the last week of the Spring 2018 semester, the participants submitted their
integrated STEM learning segments to the special education professor to be coded to
match the code used for the questionnaires (See Appendix L for sample STEM learning
segment). The names of the participants were removed to avoid any bias held by the
researcher. Each learning segment was scored out of a possible 170 points using the
Integrated Science/Math Learning Segment Rubric which reflected his or her proficiency
in planning integrated STEM lessons. Additionally, the preservice teachers completed the
STEM Attitudes Questionnaire and the STEM Confidence Questionnaire online during
the final class meeting in the special education course. The participants used the same 4digit code for both questionnaires as they did initially. All of the quantitative data was
obtained from the Tier 3 faculty and was stored on the researcher's external hard drive
until one year after the dissertation defense.
Final Quantitative Phase
The final quantitative phase data was collected during the final three weeks of the
participants’ Fall 2018 Tier 4 internship semester. The participants were enrolled in a full
semester student teaching internship in a local elementary school with a minimum of 5
weeks in both a regular education classroom and special education classroom. Unlike the
Tier 3 semester, the participants were not required to plan and implement integrated
STEM lessons during the Tier 4 internship semester. However, they were required to
teach all subjects in a regular education classroom for a minimum of 10 consecutive days,
with the opportunity to teach mathematics and science in an integrated STEM
framework.
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During the Fall 2018 orientation where attendance is required by all preservice
teachers who are entering their internship semester, the researcher presented and
explained the dissertation study. Consent forms were distributed to the elementary
preservice teachers seeking voluntary participation, collected by the researcher, and kept
in a locked cabinet until one year after completion of the dissertation defense. Former
elementary preservice teachers who were unable to attend the orientation were contacted
via email to explain the study and seek voluntary consent to participate (Appendix M).
Completed consent forms were emailed and collected by the researcher and stored in the
locked filing cabinet with the other completed consent forms. During the final three
weeks of the internship, links to both the STEM Attitudes Questionnaire and the STEM
Confidence Questionnaire were emailed to the participants. In addition to the items on the
original questionnaires, open-ended questions were added based on the analysis of the
data during the initial and intermediate quantitative phases and the qualitative phase of
the study.
Qualitative Phase
Following the quantitative data analysis, a sample of eleven diverse preservice
teachers was purposefully selected (Creswell & Plano Clark, 2011) to participate in the
focus group and represented the unique voices of the methods of instruction courses. The
preservice teachers for the qualitative data collection included those who responded to an
email sent to the purposeful sample soliciting volunteers for semi-structured interviews
following the completion of the Tier 3 coursework (Appendix N). The focus group
session lasted approximately one hour and included four participants, the researcher, and
the other two Tier 3 faculty members. Though research has shown six to twelve
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participants for a well-designed focus group, only four of the eleven who were selected
responded (Johnson & Christensen, 2008). This may have been due to ongoing final
exams during the week in which the focus group was conducted. However, according to
Krueger (1994), as the participants were able to contribute specialized knowledge and/or
experiences to the group conversation, “mini-focus groups” of three to four participants
are effective and desirable in addressing research questions (p. 17).
The semi-structured interviews involving the four participants were conducted by
the researcher and the other two Tier 3 faculty members. The purpose of the semistructured interviews was to elicit more in-depth explanations and insights into the
concerning quantitative data. The semi-structured protocol elicited conversation among
the participants that painted a picture of their combined perceptions of integrating
mathematics and science in the classroom and how the successful completion of the
integrated methods of instruction courses related to their attitudes toward and confidence
in teaching integrated STEM lessons. The semi-structured interviews were audio
recorded. No incentives were offered to the participants; however, light refreshments
were offered during the focus group session. The audio recording was obtained and
transcribed by the researcher. The transcriptions and the audio recording were stored on
the researcher’s external hard drive for one year after the dissertation defense. Qualitative
data collected in the focus group was followed by a second qualitative component
including additional open-ended questions on the questionnaires during the final
quantitative phase of the study.
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Data Analysis
To address the research questions in this study, quantitative and qualitative data
were analyzed from questionnaires, a learning segment rubric, and semi-structured
interviews. The combination of the quantitative and qualitative data analyses was used to
provide a more thorough answer to the research questions with the qualitative data used
to explain the quantitative data collected in the three phases. The planning matrix of the
study (Table 3) maps each of the research questions to the data sources and analysis
procedures that were employed in the study.
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Table 3
Planning Matrix of the Study

Research Question

1. Among elementary
preservice teachers
participating in integrated
mathematics and science
methods of instruction
courses, to what extent do
their experiences relate to
their attitudes toward
teaching integrated STEM
lessons?

2. Among elementary
preservice teachers
participating in integrated
mathematics and science
methods of instruction
courses, to what extent do
their experiences relate to
their confidence in
teaching integrated STEM
lessons?

3. Among elementary
preservice teachers
participating in integrated
mathematics and science
methods of instruction
courses, how do their
attitudes and confidence
correlate to their
proficiency in planning
integrated STEM lessons?

Sources of Data

Collection
Timelines

Analysis
Procedures

January 2018
STEM Attitudes
Questionnaire

April 2018

Repeated
Measures
MANOVA

October 2018

Semi-structured
student interviews

May 2018

January 2018
STEM Confidence
Questionnaire

April 2018

Coding

Repeated
Measures
MANOVA

October 2018

Semi-structured
student interviews

May 2018

STEM Attitudes
Questionnaire and
STEM Confidence
Questionnaire

January 2018

Integrated
Science/Math
Learning Segment
Rubric
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April 2018

April 2018

Coding

Multiple
Regression
Analysis

Quantitative data from questionnaires were downloaded from Qualtrics
(Qualtrics, Provo, UT) and analyzed using SPSS software (IBM Corp. Released 2013.
IBM SPSS Statistics for Macintosh, Version 22.0. Armonk, NY: IBM Corp.). Initial
analysis included exploratory data analysis to check for missing values or entry errors to
ensure the data accurately represented what was actually measured (Meyers, Gamst, &
Guarino, 2013). Descriptive statistics, including measures of central tendency, were used
to initially describe, summarize, and interpret the data noting any possible trends.
In order to inform the qualitative data collected through the Spring 2018 focus
group, paired-samples t tests for each quantitative data set were conducted to determine if
there were any overall statistically significant differences from pre-test to post-test in the
preservice teachers’ attitudes toward and confidence in teaching integrated STEM lessons
during the Spring 2018 semester. This analysis provided the researcher and the other Tier
3 faculty members with an opportunity to reflect upon the interview protocol and add
probing and follow-up questions to the protocol. During the Spring 2018 semester, the
integrated STEM learning segments were also analyzed using the Integrated
Science/Math Learning Segment Rubric to inform the researcher of each preservice
teacher’s overall proficiency in planning an integrated STEM learning segment. The
initial analysis of the quantitative data, coupled with the analysis of the qualitative data
collected in the focus group, was used to create the open-ended questions that were added
to the questionnaires in the final quantitative phase of the study. The formal data analysis
procedures that began at the conclusion of the final quantitative phase of data collection
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in Fall 2018 are described next, according to the research questions which guided the
study.
Attitudes Toward Teaching Integrated STEM Lessons
The first research question asked, “Among elementary preservice teachers
participating in integrated mathematics and science methods of instruction courses, to
what extent do their experiences relate to their attitudes toward teaching integrated STEM
lessons?” To answer this question, both quantitative and qualitative data were analyzed in
an effort to synthesize and triangulate the data.
Quantitative Data
To determine the impact of participation in the integrated mathematics and
science methods of instruction courses on elementary preservice teachers’ improvement
in attitudes toward teaching integrated STEM lessons, a multivariate analysis of variance
(MANOVA) with repeated measures was employed. This omnibus test was chosen as
previous research suggested a relationship between teacher attitudes and confidence
(Berlin & White, 2010; Tschannen-Moran & Hoy, 2001). Based on the results of the
MANOVA, a repeated measures analysis of variance (ANOVA) was conducted to
determine if there was a statistically significant difference between pre-, post-, and
delayed post-scores of elementary preservice teachers’ attitudes with regard to teaching
integrated STEM lessons before and after their successful completion of the integrated
mathematics and science methods of instruction courses and internship semester.
Qualitative Data
As suggested by Merriam (2002), multiple cycles of coding were used to analyze
the qualitative data collected through the semi-structured interviews. Based on the results
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of the Fall 2017 pilot study, a priori codes emerged which included confidence, STEM
content knowledge, content integration, teaching strategies, challenges, support, and coteaching. The first coding cycle employed open-coding procedures to allow the
researcher to identify any additional patterns of response. As the researcher was
immersed in the data, additional codes were added as necessary. During the second
coding cycle, codes were organized and categorized to identify emerging themes and
patterns within the data. The responses to the open-ended questions were also analyzed
for possible emergent themes to provide clarity and explanation of the findings.
Confidence in Teaching Integrated STEM Lessons
The second research question asked, “Among elementary preservice teachers
participating in integrated mathematics and science methods of instruction courses, to
what extent do their experiences relate to their confidence in teaching integrated STEM
lessons?” To synthesize and triangulate the data, both quantitative and qualitative
analyses were performed.
Quantitative Data
To determine the impact of participation in the integrated mathematics and
science methods of instruction courses on elementary preservice teachers’ gains in
confidence toward teaching integrated STEM lessons, a MANOVA with repeated
measures was employed. This omnibus test was chosen as previous research suggested a
relationship between teacher confidence and attitudes (Berlin & White, 2010; TschannenMoran & Hoy, 2001). Based on the results of the MANOVA, a repeated measures
ANOVA was conducted to determine if there was a statistically significant difference
between pre-, post-, and delayed post-scores of the preservice teachers’ confidence in
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teaching integrated STEM lessons before and after their successful completion of the
integrated mathematics and science methods of instruction courses and internship.
Qualitative Data
As the qualitative data gathered from the semi-structured interviews were used to
address each research question, the transcription of the interviews was analyzed using
multiple cycles of coding to identify emerging themes and patterns within the data.
Further analysis of the responses to the open-ended questions, identifying emerging
themes, was used to provide clarity and explanation of the findings.
Relationship Between Affective Domain and Proficiency in Planning Integrated STEM
Lessons
The third research question asked, “Among elementary preservice teachers
participating in integrated mathematics and science methods of instruction courses, to
what extent do their attitudes and confidence with regard to teaching integrated STEM
lessons correlate with their proficiency in planning integrated STEM lessons?”
Quantitative Data
Two multiple regression analyses were conducted to examine how elementary
preservice teachers’ attitudes and confidence (independent variables) related to their
proficiency in planning integrated STEM lessons (dependent variable). The first multiple
regression analysis included the pre-test composite attitudes scores and overall
confidence scores as the independent variables and the Integrated Science/Math Rubric
scores as the dependent variable. The second multiple regression analysis included the
post-test composite attitudes scores and overall confidence scores as the independent
variables and the Integrated Science/Math Rubric scores as the dependent variable. For
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both analyses, the overall model was evaluated for its effectiveness using the results from
the ANOVA. The significance of each of the independent variables (predictors) in the
model was determined using t tests.
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CHAPTER IV – DATA ANALYSIS AND RESULTS
This mixed-methods, longitudinal study sought to determine the extent to which
successful completion of integrated mathematics and science methods of instruction
courses related to elementary preservice teachers’ attitudes toward and confidence in
teaching integrated STEM lessons, and the extent to which their attitudes and confidence
correlated with their proficiency in planning integrated STEM lessons. The primary focus
of this chapter is to report answers to the following research questions using the results of
analyses of both quantitative and qualitative data:
Among elementary preservice teachers participating in integrated mathematics
and science methods of instruction courses:
RQ1.

…to what extent do their experiences relate to their attitudes toward teaching

integrated STEM lessons?
RQ2.

…to what extent do their experiences relate to their confidence in teaching

integrated STEM lessons?
RQ3.

…to what extent do their attitudes and confidence with regard to teaching

integrated STEM lessons correlate with their proficiency in planning integrated STEM
lessons?
This chapter is organized into three sections. The first section describes the
methodology, analysis, and results of the pilot study, which included pre-testing the
instruments used in the study. The second section describes the participant demographics
for both the quantitative and qualitative phases. The final section provides the data
analysis and results for each research question.
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Pilot Study
This dissertation research was informed by a pilot study that was conducted in the
Fall 2017 semester with a different cohort of 20 elementary preservice teachers. The pilot
study was designed to pre-test the modified and developed instruments and to provide an
initial assessment of the newly designed and implemented integrated mathematics and
science methods of instruction courses. Before the pilot study was conducted, content
validity was established for each of the three quantitative instruments by an expert panel
of university teacher education professors with STEM backgrounds who conduct research
on STEM integration. Upon review of the items for each of the two questionnaires and
suggestions from the panel, minor changes were made to the wording of certain items
that were unclear or confusing. The Integrated Science/Math Learning Segment Rubric
was also adjusted by making the integrated STEM lesson components more explicit and
more efficiently measured with specific allotted points to each component. During the
pilot study, both questionnaires were pre-tested and internal reliability was established
through the use of Cronbach’s alpha (1951). After the qualitative data were analyzed and
coded, additional questions were added to the original protocol and some wording was
altered to provide more clear and concise question prompts. A revised application was
submitted to the IRB to include the revised questionnaires, rubric, and interview protocol,
as well as the inclusion of new participants who would be part of the study.
The STEM Attitudes Questionnaire was administered during the Fall 2017 pilot
study to 20 elementary preservice teachers enrolled in Tier 3 coursework at the same
institution. Content validity was established through an expert panel of university teacher
education professors with STEM backgrounds who conduct research on STEM
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integration. The panel reviewed the items for relevance and made suggestions for
alternative wording of items that were unclear or confusing. Internal consistency and
reliability of the modified instrument was established using an item analysis to determine
Cronbach’s alpha (1951) for each of the six attitudes components: Affect (r = .83),
Cognitive Competence (r = .64), Value (r = .80), Difficulty (r = .62), Interest (r = .86), and
Effort (r = .78). The reliability analysis supported the prior analyses performed on the
original SATS-36 components with single administration (Nolan, Beran, & Hecker,
2012).
During the Fall 2017 pilot study, the STEM Confidence Questionnaire was pretested for internal reliability and validity to determine if it functioned as intended
(Creswell & Plano Clark, 2011; Johnson & Christensen, 2008). The STEM Confidence
Questionnaire was administered to 20 elementary preservice teachers enrolled in Tier 3
coursework at the same institution. Content validity was established with an expert panel
of university teacher education professors with STEM backgrounds who conduct research
on STEM integration. The panel reviewed the items for relevance and made suggestions
for alternative wording of items that were unclear or confusing. Internal consistency
reliability for each of the three factors was established through an item analysis using
Cronbach’s alpha (1951). Factor 1, Social, defined by ten items had a reliability index of
.93; Factor 2, Personal, comprised of five items had a reliability index of .93; and Factor
3, Material, composed of the remaining four items had a reliability index of .93. For all
19 items, the reliability index was .97. The reliability analysis supported the prior
analyses of the factors in the development of the original SETIS instrument (Mobley,
2015).
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To establish the validity of the rubric, an expert panel of university teacher
education professors with STEM backgrounds reviewed the rubric to determine if it
served as a viable means of accurately assessing elementary preservice teachers’
proficiency in planning authentic integrated STEM lessons within a three- to five-day
learning segment. After the pilot study, the Integrated Science/Math Learning Segment
Rubric was modified to make the integrated STEM lesson components more explicit and
more efficiently measured with specific allotted points to each component.
A random number generator was used to select 5 of the 34 preservice teachers’
integrated STEM learning segments to evaluate using the Integrated Science/Math
Learning Segment Rubric designed by the researcher and the science education professor.
For each preservice teacher, the individual total score was recorded. After scoring the
documents separately, the researcher and the science education professor discussed the
scores and clarified the criteria on which the learning segments were to be assessed. For
example, a maximum of six points was awarded based on the preservice teachers’
description of the extent to which the K-6 students were engaged in active STEM
learning and inquiry throughout the learning segment. Upon agreement of the criteria, the
researcher evaluated each preservice teacher’s learning segment using the Integrated
Science/Math Learning Segment Rubric reflecting his or her proficiency in planning
integrated STEM lessons.
The focus group interview protocol was reviewed by experts in the field to
establish validity and provide suggestions for alternate wording to ensure the questions
were clear and concise. After pilot testing the protocol during the Fall 2017 semester,
additional questions were added to the protocol and the questions were re-ordered to
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provide the opportunity for a more coherent discussion. Furthermore, upon the Tier 3
faculty’s initial analysis of the quantitative data collected in Spring 2018, probes and
follow-up questions were added to the final interview protocol to encourage more indepth explanations. Based on the results of the Fall 2017 pilot study, a priori codes
emerged which included confidence, STEM content knowledge, content integration,
teaching strategies, challenges, support, and co-teaching.
Participant Demographics
Data were collected from 34 elementary preservice teachers enrolled in their final
two semesters of the K-6 Teacher Education program at a large university in the
southeast region of the U.S. at which the researcher was employed. As a result of data
cleaning, which will be discussed in the following section, usable data were analyzed
from 24 participants which included 24 female elementary preservice teachers (1 African
American and 23 Caucasian) with ages ranging from 21 to 36 (M = 23.88, SD = 4.397).
Non-traditional students who were older than 24 years of age (Kenner & Weinermann,
2011), represented 25% of the sample within this study. Similarly, of the four Caucasian
female participants in the focus group, one (25%) was a non-traditional student.
Data Analysis and Results
Data Screening and Cleaning
Using SPSS statistical software, initial analyses included exploratory data analysis
to check for missing values or entry errors to ensure the data accurately represented what
was actually measured (Meyers et al., 2013). Throughout the three phases of the study,
data were collected from 34 elementary preservice teachers. Of the 34, 94% (N = 32)
participated in the pre-test, 94% (N = 32) participated in the post-test, and 83% (N = 30)
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participated in the delayed post-test. All 34 successfully completed the integrated
mathematics and science methods of instruction courses and completed the Integrated
STEM Learning Segment. Incomplete data in the delayed post-test was attributed to lack
of enrollment in the Tier 4 Internship semester of four participants and lack of completion
of the questionnaires by two participants. The two preservice teachers who did not
participate in the pre-test were different from the two who did not participate in the posttest, resulting in only 72.2% (N = 26) of the preservice teachers participating in all three
quantitative data collection time points. As a result of further data screening, two
participants were eliminated from the study due to pattern responses. Both participants
recorded the same score for each item despite the fact that both positively-worded and
negatively-worded items were included. Thus, data provided by a total of 24 participants
were used in this study.
Reliability for both questionnaires at each of the three time points was established
through item analysis using Cronbach’s alpha (1951). The STEM Attitudes Questionnaire
included both positively-worded and negatively-worded items within the four
components of Affect, Cognitive Competence, Value, and Difficulty. Thus, prior to data
analysis, the negatively-worded items indicated with an asterisk* (Appendix D) were
reverse-coded using SPSS. The initial reliability analysis for the attitudes factors revealed
r < 0.60 for both Effort in the pre-test and Difficulty in the post-test. One Difficulty item
was removed resulting in reliability coefficients that more closely compared to those
reported by Schau (2003a). This item “Teaching integrated STEM is a method of
instruction quickly learned by most people” focused more on the rate at which the
participants could learn how to teach integrated STEM content rather than the difficulty
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of teaching integrated STEM lessons. Upon removal of this item, the reliability for Effort
still remained low, thus results associated with this factor should be interpreted with
caution.
Table 4
Reliability Analysis for the STEM Attitudes Questionnaire (r)
Component

Time 1

Time 2

Time 3

Affect
Cognitive
Competence
Value

.87

.84

.87

.78

.81

.72

.84

.70

.79

Difficulty

.69

.52a

.71

Interest

.89

.92

.91

Effort

.48

.79

.74

Note: Reliability coefficients < .70 are in boldface.
a
Before removal of the difficulty item, r = .46 for this component.

The reliability coefficients for the three factors within the STEM Confidence
Questionnaire (Social, Personal, and Material) were all above .80 for the pre-, post-, and
delayed post-tests.
Preliminary Quantitative Analysis
In order to inform the qualitative data collected in the Spring 2018 focus group,
paired-samples t tests using both pre- and post-questionnaire data sets were conducted to
determine if there were any overall statistically significant differences from pre-test to
post-test in the participants’ attitudes toward and confidence in teaching integrated STEM
lessons during the Spring 2018 semester. The paired samples t tests were conducted using
a two-tailed 95% confidence interval. Data analysis comparing the participants’ attitudes
towards teaching integrated STEM lessons before (M = 5.07) and after (M = 5.28) the
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completion of the integrated mathematics and science methods of instruction courses
approached significance, p = .076. Shown in Table 5, the findings also revealed a
statistically significant difference (p = .001) in the participants’ confidence in teaching
integrated STEM lessons from the beginning (M = 3.00) to the end (M = 3.37) of the Tier
3 semester.
Table 5
Growth in attitudes toward and confidence in teaching integrated STEM content (N=24)

Attitudes
Confidence

Pre-test

Post-test

M (SD)

M (SD)

t

df

Sig.

5.07 (0.66)
3.00 (0.57)

5.28 (0.64)
3.37 (0.41)

-1.855
-3.655

23
23

p = .076
p = .001

Effect
size
r = .36
r = .37

This initial quantitative analysis provided the researcher with an opportunity to
reflect upon the interview protocol and add probing and follow-up questions to the
protocol to be used in the semi-structured focus group interviews. This quantitative
analysis, coupled with the qualitative data analysis from the focus group interviews,
further guided the creation of additional open-ended questions that were added to the
delayed post-questionnaires. Results of the formal data analysis for the study are
described for each research question according to the quantitative and qualitative data
analysis.
Research Question 1
To answer research question 1, “Among elementary preservice teachers
participating in integrated mathematics and science methods of instruction courses, to
what extent do their experiences relate to their attitudes toward teaching integrated STEM
89

lessons?”, both quantitative and qualitative analyses were performed to synthesize and
triangulate the data. Qualitative data collected in the focus group was followed by a
second qualitative component including responses to additional open-ended questions
added to the questionnaires during the final quantitative phase of the study. The
qualitative findings were used to support and explain the quantitative findings.
Quantitative Analysis
Descriptive statistics, including measures of central tendency, were used to
initially describe, summarize, and interpret the data through which trends in the changes
of the participants’ attitudes toward teaching integrated STEM lessons over the two
semesters were noted (Appendix O). Participants were asked to rate their level of
agreement using a 7-point Likert-type response scale (Likert, 1967) (1 = strongly
disagree, 2 = disagree, 3 = somewhat disagree, 4 = neither agree nor disagree, 5 =
somewhat agree, 6 = agree, and 7 = strongly agree). Higher mean scores reflected more
positive attitudes, and lower mean scores indicated less positive attitudes. The results of
the analysis are provided in Table 6 according to the components of attitudes toward
teaching integrated STEM lessons including Affect (feelings), Cognitive Competence
(intellectual knowledge and skills), Value (usefulness, relevance, and worth in their
personal and professional life), Difficulty (difficulty planning and teaching), Interest
(individual interest), and Effort (amount of work expended), as well as the composite
attitudes scores.
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Table 6
STEM Attitudes Questionnaire Component Mean Analysis (N=24).
Time 1

Time 2

Time 3

M (SD)

M (SD)

M (SD)

Affect
Cognitive
Competence
Value

4.53 (1.17)

5.13 (1.07)

5.15 (1.18)

4.96 (1.00)

5.17 (0.99)

5.39 (0.87)

5.44 (0.92)

5.66 (0.71)

5.68 (0.89)

Difficulty

3.33 (0.79)

3.49 (0.74)

3.57 (0.96)

Interest

5.85 (0.89)

6.03 (0.68)

5.93 (0.82)

Effort

6.28 (0.61)

6.21 (0.62)

5.70 (0.90)

Composite

5.07 (0.66)

5.28 (0.64)

5.21 (0.71)

Component

Note. Adapted from The Importance of Attitudes in Statistics Education by C. Ramirez, C. Schau, & E. Emmioglu, 2012, p. 61.
www.evaluationandstatistics.com

Findings revealed positive changes in the participants’ attitudes in each of the
components except Effort over the two semesters. Preliminary data analysis comparing
the participants’ attitudes toward teaching integrated STEM lessons before (M = 5.07)
and after (M = 5.28) the completion of the integrated mathematics and science methods
of instruction courses approached significance, p = .08. However, while the data showed
an overall positive change in the participants’ attitudes over the two semesters, the scores
from post- to delayed post-test decreased throughout the Tier 4 internship semester. The
growth in the participants’ attitudes toward teaching integrated STEM lessons over the
two semesters is shown in Figure 3.
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Figure 3. Composite Attitudes Growth

Figure 3. The three time points represent the composite attitudes pre-, post-, and delayed post-scores

A multivariate analysis of variance (MANOVA) with repeated measures was used
to identify statistically significant main and interaction effects of time (pre-, post-,
delayed post-test) for the scales associated with attitudes and confidence related to
teaching integrated STEM lessons. The composite attitudes scores and overall confidence
scores at each time point were used as the dependent variables and the time was the
independent variable. Using Wilks’ statistic, there was no statistically significant effect of
time on elementary preservice teachers’ attitudes towards or confidence in teaching
integrated STEM lessons,  = 0.68, F(4, 17) = 2.02, p = .14. Thus, there was no
statistically significant change in the participants’ attitudes toward teaching integrated
STEM lessons over the two semesters.
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Qualitative Analysis
The constant comparative method (Glasser & Strauss, 1967) was implemented to
analyze data obtained from the focus group interviews and the open-ended question
responses. The constant comparative method utilizes multiple sources of evidence to code
and categorize data, identifying patterns and emerging themes used to answer the
research question. The audio file from the focus group interviews was transcribed by the
researcher, and multiple cycles of coding were employed to identify emerging themes.
Written responses to the open-ended question, “How has your attitude toward teaching
integrated STEM lessons changed over the Tier 3 and 4 semesters?” were collected
during the final quantitative phase. Adhering to the constant comparative method, the
transcribed data and the written responses were analyzed using the qualitative software
Quirkos (Turner, 2016). Analysis of the qualitative data from both sources contextualized
and clarified the quantitative results.
A number of responses toward integrating STEM lessons reflected positive
attitudes. Some responses spoke to the influence on student learning, such as, “My
attitude towards STEM has improved greatly after witnessing the way it changes student
learning.” Others reflected on how integration of STEM concepts seems work intensive,
though worthwhile, with statements such as, “My attitude toward teaching STEM lessons
has changed over the Tier 3 and 4 semesters. I learned that it takes strong discipline to
understand concepts and the procedure on how I would teach the students. It is a lot of
work but very rewarding to student learning!” A sense of excitement in actualizing
STEM integration was also conveyed thematically in comments such as, “After being in
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my methods classes, seeing it taught, and teaching it myself, I feel excited about teaching
integrated STEM lessons.”
Information gathered from the focus group and open-ended question responses
revealed that while the participants’ attitudes were heightened (38%), they were generally
concerned about lack of resources, misalignment among mathematics and science content
standards, lack of support and autonomy from the cooperating teacher, and an emphasis
on preparation for and administration of statewide high-stakes tests. The participants
were also concerned about the time demands of implementing and incorporating STEM
instruction given the work load associated with other content areas. Sentiments such as,
“There is not a teacher at my school (that I am aware of) who is teaching any kind of
STEM or integrated lesson. I feel it would be very difficult to do this without getting
backlash from my fellow grade level teachers,” and “Not much has changed. There hasn’t
been much opportunity to teach STEM lessons,” and that a few, “sometimes found it
difficult to match the math and science together with the curriculum we had to teach that
week,” were indicative of the concerns expressed.
Research Question 2
To answer research question 2, “Among elementary preservice teachers
participating in integrated mathematics and science methods of instruction courses, to
what extent do their experiences relate to their confidence in teaching integrated STEM
lessons?”, both quantitative and qualitative analyses were performed to synthesize and
triangulate the data. Qualitative data collected in the focus group was followed by a
second qualitative component asking additional open-ended questions on the
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questionnaires during the final quantitative phase of the study. The qualitative findings
from both sources were used to support and explain the quantitative findings.
Quantitative Analysis
Descriptive statistics, including measures of central tendency, were used to
initially describe, summarize, and interpret the data through which possible trends were
noted (Appendix O). Using a 1-4 Likert-type response scale (Likert, 1967), each
participant was asked to rate his or her level of confidence in his or her abilities related to
teaching integrated STEM lessons (1 = cannot do at all, 2 = would have difficulty doing
this, 3 = mostly confident that I can do this, and 4 = very confident that I can do this). The
results of this analysis are shown in Table 7 by the factors of confidence in teaching
integrated STEM lessons including Social (beliefs of how others perceive or affect his or
her ability), Personal (one’s own beliefs about his or her ability), and Material (constructs
outside of one’s control).
Table 7
STEM Confidence Questionnaire Factor Mean Analysis (N=24)
Time 1

Time 2

Time 3

M (SD)

M (SD)

M (SD)

Social

3.02 (0.57)

3.27 (0.39)

3.28 (0.48)

Personal

2.86 (0.57)

3.34 (0.50)

3.29 (0.48)

Material

3.14 (0.66)

3.49 ( 0.47)

3.41 (0.58)

Overall

3.00 (0.57)

3.37 (0.41)

3.30 (0.48)

Factor

Note. Adapted from Development of the SETIS instrument to measure teachers’ self-efficacy to teach science in an integrated STEM
framework (Doctoral Dissertation) by M. Mobley, 2015, p. 99.

Findings revealed positive changes in the participants’ confidence in only the Social
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factor over the two semesters. As reported in the preliminary analysis, findings revealed a
statistically significant difference (p = .001) in the participants’ confidence in teaching
integrated STEM lessons from the beginning (M = 3.00) to the end (M = 3.37) of the
integrated mathematics and science methods of instruction course. While the data showed
a positive change in the participants’ confidence over the two semesters, the overall
confidence scores from post- to delayed post-test decreased throughout the Tier 4
internship semester. The growth in the participants’ confidence in teaching integrated
STEM lessons over the two semesters is shown in Figure 4. This was similar to the
findings for overall attitudes scores.

Figure 4. Overall Confidence Growth

Figure 4. The three time points represent the overall confidence pre-, post-, and delayed post-scores.
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A MANOVA with repeated measures was used to identify statistically significant
main and interaction effects of time (pre-, post-, delayed post-test) for the scales
associated with attitudes and confidence related to teaching integrated STEM lessons.
The overall scores for attitudes and confidence at each time point were used as the
dependent variables and time was the independent variable. Using Wilks’ statistic, no
statistically significant effect of time on elementary preservice teachers’ attitudes towards
or confidence in teaching integrated STEM lessons was found,  = 0.68, F(4, 17) = 2.02,
p = .14. Thus, there was no statistically significant change in the participants’ confidence
in teaching integrated STEM lessons over the two semesters.
Qualitative Analysis
The constant comparative method (Glasser & Strauss, 1967) was implemented to
analyze data obtained from the focus group interviews and the open-ended question
responses. Rather than using just one source, the constant comparative method utilizes
multiple sources of evidence to code and categorize data, identifying patterns and
emerging themes in order to answer the research question. The audio recording of the
focus group interviews was transcribed by the researcher and emerging themes were
identified after multiple cycles of coding. Written responses to the open-ended question,
“How has your confidence in teaching integrated STEM lessons changed over the Tier 3
and 4 semesters?” were collected during the final quantitative phase. In accord with the
constant comparative method, the transcriptions and the written responses were analyzed
using the qualitative software Quirkos (Turner, 2016). Analysis of the qualitative data
from both sources complemented and explained the quantitative results.
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Qualitative analysis of participant responses supported the quantitative results in
that 83% reported increases in overall confidence to teach integrated STEM lessons
throughout the Tier 3 and 4 semesters. As the opportunities to teach integrated STEM
lessons increased, the participants were able to gain more confidence stating, “I feel more
confident and excited to teach them (STEM lessons) in Tier 4 because I have observed
and taught more STEM lessons”, and “Tier 3 offered great teaching tips and information
regarding STEM but I didn’t feel as confident because we had minimal time in the
classroom/field experience. Tier 4 has given me so many more opportunities to apply
what I learned in Tier 3 and gain experience teaching and applying STEM.” Overall,
participants’ increase in their confidence to teach integrated STEM lessons was reflected
in responses such as, “It has changed tremendously. I am less intimidated by STEM,” and
“At the beginning, I was very intimidated by trying to pull in math, but now I am much
more confident. It was a lot easier now than it was at the beginning.”
Responses for confidence in teaching integrated STEM lessons were similar to
those regarding attitudes toward teaching integrated STEM lessons. While 83%
responded that their confidence increased over the two semesters, there were still
participants who had concerns. One such concern that was prevalent focused on lack of
resources. This concern included lack of supplies, technology, and class time to teach
integrated lessons given the demands of state high-stakes testing. Responses such as, “I
have been able to teach some integrated lessons but not many due to available and
affordable resources”, and “No access to supplies,” provided evidence of the material
barriers elementary preservice teachers face in teaching integrated STEM lessons. Other
responses such as, “I haven’t seen a lot of science being taught because it is put on the
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back burner”, and “There were not many opportunities to do integrated lessons in the
second grade classroom I was in because the cooperating teacher did not want to focus on
science and social studies,” were indicative of the attitudes that existed among many
elementary classroom teachers hindering the sustainability of preservice teachers
implementing integrated STEM lessons in their future classrooms.
Research Question 3
To answer the third research question, “Among elementary preservice teachers
participating in integrated mathematics and science methods of instruction courses, to
what extent do their attitudes and confidence with regard to teaching integrated STEM
lessons correlate with their proficiency in planning integrated STEM lessons?”, two
multiple regression analyses were conducted. This analysis was used to determine if the
participants’ attitudes and confidence statistically significantly predicted their proficiency
in planning integrated STEM lessons as measured by their rubric scores. The Integrated
Science/Math Learning Segment Rubric was used to score each participants’ integrated
STEM lesson plans which yielded a total score out of a possible 170 points (M = 148.29,
SD = 20.15).
Using the data from the initial quantitative phase (pre-test), the results of the
multiple regression analysis indicated that the participants’ attitudes and confidence prior
to successful completion of the integrated mathematics and science methods of
instruction courses did not statistically significantly predict their proficiency in planning
integrated STEM lessons, R2 = 0.077, F(2, 21) = 0.88, p = .43. Using the data from the
intermediate quantitative phase (post-test), the results of the participants’ attitudes and
confidence as predictors of proficiency in planning integrated STEM lessons approached
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significance (p = .08). Thus, the participants’ attitudes and confidence after successful
completion of the integrated methods of instruction courses explained 21.4% of the
variability in the lesson plan scores, R2= 0.214, F(2, 21) = 2.862, p = .08.
Summary
This chapter provided the quantitative and qualitative data analysis and results for
this mixed-methods, longitudinal research study designed to investigate elementary
preservice teachers’ attitudes toward and confidence in teaching mathematics and science
lessons in an integrated STEM framework. Further, this study examined the relationship
between their attitudes and confidence and their proficiency in planning integrated STEM
lessons. Data were collected from elementary preservice teachers enrolled in an
elementary teacher education program at a large university in the southeast U.S. at three
different time points throughout their final two semesters of the program.
Throughout the study, quantitative data pertaining to attitudes toward teaching
integrated STEM lessons suggested no statistically significant change. Qualitative
responses suggested improvement of attitudes over time. Still, some participants seemed
increasingly discouraged due to barriers in teaching integrated STEM lessons. Change in
confidence in teaching integrated STEM lessons revealed no statistical significance over
the two semesters. However, through qualitative analysis most participants indicated
increased confidence toward teaching integrated STEM lessons. Further, the attitudes and
confidence of preservice teachers were not statistically significant predictors of their
scores on the integrated STEM lessons. While no statistical significance was found in the
repeated measures MANOVA or the multiple regression analyses, implications,
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particularly of the qualitative discussion, as well as limitations and directions for future
research are presented in Chapter 5.
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CHAPTER V – DISCUSSION
The primary research goal of this study was to explore changes in elementary
preservice teachers’ attitudes and confidence with regard to teaching integrated STEM
lessons, and the correlation of those constructs with their proficiency in planning
integrated STEM lessons. This mixed-methods, sequential, explanatory design used
qualitative data and subsequent analysis to provide an explanation of the pre-existing
quantitative data analysis by exploring the elementary preservice teachers' perceptions of
planning and teaching integrated STEM lessons in more depth.
The purpose of this mixed-methods study was to investigate the extent to which
successful completion of integrated mathematics and science methods of instruction
courses related to elementary preservice teachers’ attitudes toward and confidence in
teaching integrated STEM lessons, and the extent to which their attitudes and confidence
correlated with their proficiency in planning integrated STEM lessons. This study was
guided by the following research questions:
Among elementary preservice teachers participating in integrated mathematics
and science methods of instruction courses:
RQ1.

…to what extent do their experiences relate to their attitudes toward

teaching integrated STEM lessons?
RQ2.

…to what extent do their experiences relate to their confidence in

teaching integrated STEM lessons?
RQ3.

…to what extent do their attitudes and confidence with regard to teaching

integrated STEM lessons correlate with their proficiency in planning integrated STEM
lessons?
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Quantitative and qualitative data were collected from twenty-four elementary
preservice teachers over the final two semesters of their K-6 Collaborative Teacher
Education Program. Data were collected at three time points and included quantitative
data from pre-, post-, and delayed post-questionnaires and the participants’ scores on the
learning segment rubric, and qualitative data from the focus group interviews and openended responses on the delayed post-questionnaires. Using IBM SPSS 23, descriptive and
inferential statistics were calculated to answer the research questions. To answer both
research questions 1 and 2, a repeated measures MANOVA was conducted using the
dependent variables of composite attitudes scores and overall confidence scores and the
independent variable of treatment with participation in the integrated mathematics and
science methods of instruction courses. To answer research question 3, multiple
regression analyses were conducted using independent variables of composite attitudes
scores and overall confidence scores and the dependent variable of the Integrated Science
/Math Learning Segment Rubric scores. Qualitative data from the focus group and
responses to the open-ended questions were used to support, explain, and extend the
quantitative results.
This final chapter is organized into four major sections. The first section discusses
the key findings as they relate to each research question. The second section presents the
implications for practice regarding teacher preparation and support of integrated STEM
education. The third section defines the limitations of the study that may affect the
interpretation of the results. Last, the fourth section provides recommendations for future
research.

103

Key Findings and Discussion
Attitudes Toward Teaching Integrated STEM Lessons
Research Question #1: Among elementary preservice teachers participating in
integrated mathematics and science methods of instruction courses, to what extent do
their experiences relate to their attitudes toward teaching integrated STEM lessons?
The results from the repeated measures MANOVA indicated no statistically
significant changes in the elementary preservice teachers’ attitudes toward teaching
integrated STEM lessons over the final two semesters of the teacher preparation program.
The results of this study were consistent with those revealing no significant changes in
preservice teacher attitudes toward integrated STEM education (Al Salami, Makela, & de
Miranda, 2017; Berlin and White, 2010; Evans, 2015). Similar results were revealed by
Tal, Dori, and Keiny (2001), who stated that one year is not enough time for a significant
change in teacher attitudes.
Preliminary data analysis comparing the participants’ attitudes toward teaching
integrated STEM lessons from pre- (M = 5.07) to post-scores (M = 5.28) approached
significance, p = .08. These results were consistent with previous findings that suggested
that preservice teachers’ attitudes toward STEM education were enhanced through
engaging in authentic integrated STEM teaching experiences (Nadelson et al., 2013;
Thibaut et al., 2018). The preliminary results were also supported by research that has
shown elementary preservice teachers exhibited more positive attitudes toward
mathematics and science after participating in inquiry-based methods of instruction
courses (Ball, 1990; Jong & Hodges, 2013; Riegle-Crumb et al., 2015). The composite
attitudes scores consisted of the subscales of Affect, Cognitive Competence, Value,
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Difficulty, Interest, and Effort. There was an increase in each of the subscales except for
Effort, which decreased by 1.11%.
However, while the data revealed an overall positive change in the participants’
attitudes over the two semesters, attitudes decreased slightly at the completion of the
internship semester (M = 5.21). Within the subscales of Affect, Cognitive Competence,
Value, Difficulty, there was a slight increase in reported attitudes; however, the decrease
in attitudes within the Interest and Effort subscales contributed to the overall decrease
throughout the internship semester. Within the subscale of Effort, there was a statistically
significant effect of time on the elementary preservice teachers’ attitudes towards
teaching integrated STEM lessons,  = 0.67, F(4, 17) = 5.37, p = .01. These results are
consistent with Berlin and White (2012) as the elementary preservice teachers may have
developed a more realistic understanding of integrating mathematics and science.
Potential barriers to the implementation of integrated STEM education in the
elementary classroom were revealed including the difficulty (Difficulty subscale) of
planning and implementing integrated STEM lessons. As revealed in related studies, the
participants noted how they saw the positive impact on student learning (Value subscale),
but also recognized the immense discipline and work (Effort subscale), it takes to plan
and implement effective integrated mathematics and science lessons (Berlin & White,
2012; Koirala & Bowman, 2003). Challenges noted also included lack of resources, both
monetary and time, lack of support from teachers and administrators, and lack of a
coherent and rigorous curriculum essential for successful STEM education. A few
participants experienced difficulty in planning integrated lessons as the mathematics and
science content standards did not align based on the local school district’s pacing guides.
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Moore and Smith (2014) realized a scarcity of research-based integrated STEM curricula.
Thus, supporting the need for the mathematics and science curriculum to be aligned and
coherent to ensure STEM education is implemented in the classroom (NRC, 2011).
Thomas (2014) also found that a significant amount of variability in teachers’
attitudes toward STEM education was predicted by several factors including school
support, perceived practicality, financial support, and designated time for vertical and
grade-level alignment of the content standards to make the integration more authentic. As
part of the requirements for the teacher preparation program, the participants in this study
spent one half of their internship in a regular education classroom and the other half in a
special education classroom. Thus, the opportunity to experience integrated STEM
teaching and learning may have been limited based on the two placements. As mentioned
in the responses to one of the open-ended questions in this study, the participants who did
not experience integrated STEM teaching did not have an opportunity for their attitudes
to change during the internship semester.
Confidence in Teaching Integrated STEM Lessons
Research Question #2: Among elementary preservice teachers participating in
integrated mathematics and science methods of instruction courses, to what extent do
their experiences relate to their confidence in teaching integrated STEM lessons?
The results from the repeated measures MANOVA indicated no statistically
significant changes in the elementary preservice teachers’ confidence in teaching
integrated STEM lessons over the final two semesters of the teacher preparation program.
However, the preliminary analysis of overall pre- (M = 3.00) and overall post-scores (M
= 3.37) on the STEM Confidence Questionnaire indicate a statistically significant change
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in confidence in teaching integrated STEM lessons (p = .001). Throughout the integrated
mathematics and science methods of instruction courses, the preservice teachers were
afforded multiple opportunities to engage in STEM lessons, as well as plan and
implement integrated STEM lessons, leading to increased self-efficacy and confidence in
teaching integrated lessons. These results were supported by previous findings that
suggested that embedding integrated mathematics and science teaching in the methods of
instruction courses may lead to an increase in preservice teachers’ self-efficacy in
teaching meaningful STEM lessons in the classroom (Ball, 1990; Frykholm & Glasson,
2005; Furner & Kumar, 2007; Jong & Hodges, 2013; Riegle-Crumb et al., 2015; Rinke et
al., 2016).
The qualitative data supported the quantitative results in that 83% of the
participants reported increases in overall confidence to teach integrated STEM lessons
over the two semesters. The participants’ confidence in teaching integrated STEM
lessons increased with each new opportunity to plan and teach integrated lessons in the
classroom. Many were intimidated by integrated STEM teaching at the beginning of the
Tier 3 semester, but gained more confidence as their time in the elementary classroom
increased significantly during the internship (Tier 4) semester.
However, while the data indicated an overall positive change in the participants’
confidence over the two semesters, overall confidence decreased slightly at the
completion of the internship semester (M = 3.30). While the elementary preservice
teachers reported fairly positive attitudes toward and fairly high levels of confidence in
teaching mathematics and science in an integrated STEM framework, responses to the
open-ended questions revealed specific barriers to effective implementation of integrated
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STEM lessons. During the Tier 3 semester, the participants had multiple opportunities to
plan, revise, and reflect on their individual and team integrated mathematics and science
lessons with the program faculty, their peers, and their cooperating teachers. As the threeday integrated STEM learning segment was a required component of the methods
courses, planning these lessons was a priority of the participants, as well as supported by
the cooperating teachers. Unfortunately, during the internship semester, there was no
required integrated STEM lesson component. As supported by previous research, the
participants recognized an emphasis on numeracy and literacy in the elementary
classroom, which left limited time to teach science or integrated STEM lessons and was
reflected by the decrease in time teaching STEM-related disciplines (Nadelson et al.,
2013; NAE & NRC, 2014). Furthermore, due to state high-stakes testing, the participants
were not encouraged to teach integrated lessons as the tests were designed with
mathematics and science segregated into content-specific knowledge (Moore & Smith,
2014; NAE & NRC, 2014; Schleigh et al., 2011). To face the challenges of integrated
STEM education, Berlin and White (2012) suggested that attention and awareness of
these components within teacher preparation programs may enhance the preservice
teachers’ attitudes and confidence related to the practicality of implementing integrated
STEM lessons in their future classrooms.
Relationship Between Affective Domain and Proficiency in Planning Integrated STEM
Lessons
Research Question #3: Among elementary preservice teachers participating in
integrated mathematics and science methods of instruction courses, to what extent do
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their attitudes and confidence with regard to teaching integrated STEM lessons correlate
with their proficiency in planning integrated STEM lessons?
In order to answer research question three, two multiple regression analyses were
conducted to examine how elementary preservice teachers’ attitudes and confidence
(independent variables) related to their proficiency in planning integrated STEM lessons
(dependent variable). The first multiple regression analysis included the pre-test
composite attitudes scores and overall confidence scores as the independent variables and
the Integrated Science/Math Rubric scores as the dependent variable. The results of the
multiple regression analysis indicated that the participants’ attitudes and confidence prior
to successful completion of the integrated mathematics and science methods of
instruction courses did not statistically significantly predict their proficiency in planning
integrated STEM lessons.
The second multiple regression analysis included the post-test composite attitudes
scores and overall confidence scores as the independent variables and the Integrated
Science/Math Rubric scores as the dependent variable. The results of this multiple
regression indicated that the participants’ attitudes and confidence as predictors of their
proficiency in planning integrated STEM lessons approached significance (p = .08).
Although the findings from the multiple regression analyses were not statistically
significant, responses to the open-ended questions provided an explanation of the
quantitative findings. Furthermore, using standard power ( = 0.80), alpha level of 0.05,
and a medium effect size (f2 = .15), a power analysis for a multiple regression analysis
with two predictor variables yields a recommended sample size of 68 (Faul, Erdfelder,
Buchner, & Lang, 2013). As the number of participants in this study was 24, the study
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lacked statistical power. Increasing the number of participants who would likely provide
similar data may have resulted in statistically significant results.
According to Maher et al. (2013), preservice teachers’ attitudes and beliefs form
before entering a teacher preparation program based on prior K-12 experiences. Research
has also shown that participation in inquiry-based content and methods of instruction
coursework leads to more positive attitudes toward mathematics and science and an
increase in confidence to teach integrated mathematics and science lessons (Corlu et al.,
2015; Jong & Hodges, 2013; Riegle-Crumb et al., 2015). As noted by several
participants, experience in their elementary field placement classroom gave them greater
confidence in their skills of planning and teaching integrated STEM lessons. Having the
opportunity to observe and co-teach multiple integrated STEM lessons led to greater
confidence as well. One participant responded, “Tier 3 offered great teaching tips and
information regarding STEM, but I didn’t feel as confident because we had minimal time
in the classroom for field experience. Tier 4 has given me so many more opportunities to
apply what I learned in Tier 3 and gain experience of pros and cons of my teaching and
applying STEM.”
These findings supported research that suggested a need for teacher preparation
programs to include STEM education in their coursework and to also provide elementary
school field placements with teachers who are dedicated to integrated STEM education.
In such classrooms where integrated STEM lessons are prevalent, preservice teachers
have the opportunity to observe, plan, and implement effective and authentic STEM
lessons leading to the implementation of the STEM practices in their future classrooms
(Barcelona, 2014; Kurup et al., 2017; Radloff & Guzey, 2017).
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Implications for Practice
Based on the findings of this study, several implications for practice have been
identified. Several key issues have been highlighted that warrant serious consideration by
the numerous stakeholders of STEM education including elementary preservice teachers,
elementary teacher preparation program faculty, elementary in-service teachers, and
district leaders surrounding successful preparation of teachers as implementers of
integrated STEM education in the K-6 classroom. Recommendations for elementary
teacher preparation programs, as well as those for elementary schools and district-level
programs, which could enhance the intentional preparation and support of elementary
teachers implementing integrated STEM education are presented. If these
recommendations were to be followed, STEM educational goals in the U.S. may be
advanced.
Elementary Teacher Preparation Programs
The results of this study may have important implications for improving teacher
preparation programs to better prepare future teachers to teach integrated STEM lessons
with regard to developing preservice teachers’ STEM pedagogical content knowledge,
increasing preservice teachers’ STEM content knowledge, and providing preservice
teachers with meaningful field experiences. According to Kurup et al. (2017), future
teachers need more exposure to specialization in STEM practices and procedures
including integrated teaching. Reorganizing teacher preparation programs to include
integrated STEM education could provide preservice teachers with opportunities to
improve both their STEM content knowledge and STEM pedagogical content knowledge
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This also includes offering preservice teachers’ opportunities to observe good STEM
practices in their field placements (Kurt & Pehlivan, 2013; Kurup et al., 2017).
Developing Preservice Teachers’ STEM Pedagogical Content Knowledge
The results of this study indicated that providing preservice teachers with
meaningful experiences with participating in, planning, and implementing integrated
mathematics and science lessons can positively influence preservice teachers’ attitudes
toward and confidence in implementing STEM education in the elementary classroom.
Thus, the researcher recommends that an integrated STEM methods of instruction course
be taught in addition to elementary mathematics and science methods of instruction
courses already in place. This recommendation is supported by Rinke et al. (2016) who
suggested that the traditional methods of instruction courses be revised to include explicit
STEM preparation with integrated STEM methods.
The integrated mathematics and science methods of instruction courses described
in this study modeled how to collaborate as teachers and how to make connections
between content areas in order to engage students in integrated STEM learning.
Experiencing the co-teaching model in the integrated methods of instruction courses
allowed elementary preservice teachers to see the value in co-planning and collaborating
with colleagues. As found in a similar study (Zhou, Kim, & Kerekes, 2011), this faculty
collaboration motivates future teachers to implement collaborative teaching in the
elementary schools. This collaboration provided a holistic view of knowledge and
eliminated the disconnection between mathematics and science. Consistently modeling
integrated mathematics and science lessons played an integral part of the preservice
teachers’ knowledge of planning integrated STEM lessons. As noted by several
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participants, even when there was not a specific lesson being modeled, the faculty
continuously suggested ways that the other discipline (mathematics or science) could be
integrated, providing the preservice teachers with multiple examples of what authentic
integration looks like in the elementary classroom.
The researcher also recommends that elementary preservice teachers have
multiple opportunities to plan integrated mathematics and science lessons while receiving
feedback from peers and faculty. Since preservice teachers typically have no experience
planning integrated mathematics and science lessons prior to the methods of instruction
courses, the researcher suggests that they first have the opportunity to plan an integrated
STEM lesson in teams. This would allow preservice teachers time to research the
mathematics and science content standards together and discover how to meaningfully
combine the standards into an authentic learning experience for the students. Guided by
the mathematical practices and the science and engineering practices, the participants
collaboratively developed an integrated lesson using peer review and faculty feedback
and presented their lessons to their peers and shared their ideas. This team lesson
experience proved to be very meaningful and helpful as the preservice teachers began
developing their individual lessons, as evidenced by comments such as “the team lesson
plan helped me out tremendously when doing my individual,” and, “my strengths came
out, but then I could also see what my teammates were doing. I could see how they were
thinking which helped with my individual plan.”
Furthermore, preservice teachers should individually plan and implement
integrated STEM lessons in their elementary school field placements. Similar to the
requirements for the team lesson plan, the preservice teachers researched the mathematics
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and science content standards and planned authentic learning experiences for their K-6
students that was guided by the mathematical practices and the science and engineering
practices. Feedback provided by peers and the faculty members led to increased
knowledge of and confidence in planning integrated STEM lessons as reflected in
comments such as, “I just learned so much, like y’all consistently giving us feedback.”
The co-teaching model of the integrated mathematics and science methods of instruction
courses provided the structure necessary for collaborative planning and consistent
feedback from the methods of instruction faculty.
Findings from this study also revealed barriers and challenges of planning and
teaching integrated STEM lessons in the classroom. Thus the researcher further
recommends explicitly addressing these difficulties and barriers within the methods of
instruction courses, as also suggested by Berlin and White (2012). The participants in this
study experienced frustration with time restraints, material resources, and lack of support
from their cooperating teachers and school administration. Addressing these issues while
planning lessons may increase their confidence in teaching the integrated lessons as ways
to overcome these obstacles are realized. Moreover, these barriers and challenges to K-6
content integration across all disciplines should be explicitly outlined in all methods of
instruction courses, not just mathematics and science.
Increasing Preservice Teachers’ STEM Content Knowledge
Results from this study supported existing research (Kurt & Pehlivan, 2013;
Kurup et al., 2017) related to providing preservice teachers with a solid foundation of
content in the STEM disciplines. Implications of the study include a recommendation to
increase the quantity and quality of the STEM content coursework required in elementary
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teacher preparation programs. For the participants in this study, program requirements for
STEM content coursework included 12 hours of mathematics coursework and 12 hours of
science coursework. Although there were two K-6 mathematics content courses offered at
the university, only Mathematics for Elementary Teachers I was required. This course did
not address the K-6 domains of Measurement and Data and Geometry (Alabama State
Department of Education, 2016). Furthermore, there were no K-6 science content courses
offered at the university in which the study was conducted. The science content
coursework requirements included 12 hours of any of the “hard” sciences, with limited
opportunity to engage in the scientific and engineering practices. Thus, the researcher
recommends increasing the number of K-6 mathematics and science content courses,
including two K-6 content courses in each discipline, with explicit connections between
the subjects being made within the courses. This will lead to better prepared preservice
teachers who are able to understand and interpret the content and practice standards,
increasing their ability to integrate the mathematics and science standards and create
authentic learning experiences for their future students.
Moseley & Utley (2006) suggested that preservice teachers who enter their
teaching careers with strong self-efficacy in mathematics and science will be more apt to
enter the classroom better prepared and more likely to remain in the teaching field for a
longer amount of time. However, a deeper science and mathematics content knowledge is
not the only factor in increasing preservice teachers’ confidence and self-efficacy. Thus,
content courses should enhance the preservice teachers’ pedagogical content knowledge
in mathematics and science as well. Park and Oliver (2008) found that student
misconceptions and misunderstandings are more easily identified when the teacher has a
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deeper understanding of the content being taught. Thus, preservice teachers need
opportunities to analyze student work through which possible understandings,
misunderstandings, misconceptions, and prior knowledge and skills needed to master the
content in both mathematics and science may be revealed. Both content and pedagogy
coursework included in teacher preparation programs should provide opportunities for
preservice teachers to develop a deeper understanding of the mathematics and science
content standards and the interconnections between the subjects to effectively implement
STEM education in their future classrooms.
The researcher also recommends building strong relationships between education
and STEM faculty to develop STEM faculty mentors. Maher et al. (2013) concluded that
by using STEM faculty as mentors, preservice teachers’ knowledge and understanding of
teaching STEM subjects for conceptual understanding can be further developed. STEM
faculty mentors also positively impacted preservice teachers’ confidence in teaching
STEM lessons (Maher et al., 2013). STEM faculty members could serve as mentors to
preservice teachers to help build their knowledge of STEM content which could
subsequently impact their effectiveness in planning STEM lessons. Through a
meaningful collaboration between education and STEM faculty, implementing effective
STEM education in the elementary school and aligning content standards and practices
necessary to plan authentic integrated STEM lessons could be discussed on a regular
basis. The education faculty could also collaborate with STEM faculty to improve
elementary mathematics and science content courses through increased rigor, focusing on
mathematical and scientific reasoning and understanding.
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Providing Preservice Teachers’ Meaningful Field Experiences
Implications from this study directly relate to the preservice teachers’ elementary
school field placements. Placements with teachers that modeled integrated STEM lessons
and collaboratively planned STEM lessons with the preservice teachers led to enhanced
attitudes toward and greater confidence in teaching STEM lessons indicated by responses
such as, “the cooperating teachers I was fortunate to be with were wonderful resources
for me to learn from,” and “as I learn and gain more experience, I become more excited
and eager to apply my knowledge to create (integrated mathematics and science) lessons
for my students.” Field placements played a big role in determining the extent to which
integrated STEM lessons were planned and implemented. Thus, a strong partnership with
schools, placing preservice teachers in classrooms where integrated STEM lessons are
prevalent, is vital to the development of elementary preservice teachers’ positive attitudes
toward and confidence in implementing STEM education.
Assigning preservice teachers to classrooms with cooperating teachers who
provide support, instructional strategies, and resources (both time and material) is
necessary in order to assist preservice teachers in making integrated instruction time more
efficient and less difficult to manage (Barcelona, 2014; Kurup et al., 2017; Radloff &
Guzey, 2017; Schleigh et al., 2011). The value of STEM education was recognized by the
participants through responses such as, “Doing it integrated, they (the elementary
students) see how it makes the real life connection and purpose. It changes their attitudes
completely,” and “Deeper conceptual understanding. Like legitimately, that is what
happens.” However, the lack of resources and support from cooperating teachers were
obstacles and barriers noted by the participants with comments such as, “Time is a big
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issue with implementing STEM lessons,” and “No access to supplies.” Thus, preservice
teachers need explicit educational experiences within their elementary field placements to
enhance their attitudes toward STEM education and to provide insights concerning
management and acquisition of resources needed for implementing STEM teaching.
Hence, on-going collaboration between elementary preservice teachers, cooperating
teachers, education faculty, STEM faculty, and peers, when developing STEM lessons
and reflecting on teaching practices should be an integral component of teacher
preparation programs.
Elementary Schools and District-Level Programs
The results of this study also have important implications at the school and district
levels in terms of how to better prepare and support future elementary teachers to teach
integrated STEM lessons including the provision of integrated STEM education
professional development for teachers and the use of research-based integrated STEM
curricula in the elementary school. According to Kurup et al. (2017), future teachers need
more exposure to better leadership and more professional development that includes
STEM practices and procedures for integrated instruction.
Engaging Teachers in Integrated STEM Education Professional Development
Findings from this study indicated a need for continued professional development
that may potentially influence preservice teachers’ attitudes towards and confidence in
teaching integrated STEM lessons. This continued professional development could
potentially promote further STEM education in the elementary classroom. As noted by
several participants, additional time and research for planning integrated STEM lessons
would increase their confidence and proficiency in planning integrated STEM lessons.
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This is supported by research (Nadelson et al., 2013) that suggested that engaging
teachers in professional development at various levels of their teaching careers could
have a positive impact on teacher practice. As the lack of content knowledge can
negatively impact a teacher’s efficacy, confidence, and comfort in teaching STEM
content, the focus of STEM professional development should be on increasing STEM
content knowledge and teacher perceptions of STEM teaching and learning, which could
subsequently influence their efficacy, confidence, and comfort with teaching STEM
content. Also supporting research (Nadelson et al., 2013), the findings of this study
further suggested that this on-going professional development may also need to provide
teachers with opportunities to explore how they may effectively implement STEM
teaching into their classrooms.
The professional development should also include developing a clear definition of
integration which is necessary for teachers to authentically integrate STEM content for
more meaningful learning. According to the literature, in order for teachers to
successfully implement STEM education and provide meaningful real-life learning
experiences for their students, they themselves must first possess a clear understanding of
STEM education (Bybee, 2013; Honey et al., 2014). Thus, professional development that
includes an operational definition of integration, as well as effective strategies for
teaching and learning mathematics and science content will lead to teachers
implementing integrated practices that they understand and value. This professional
development must also be embedded in teacher education programs so that future
teachers are confident and prepared to teach mathematics and science integrated lessons
in a STEM framework.
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Implementing Research-Based Integrated STEM Curricula
The findings from this study also have important implications for district-level
curriculum specialists surrounding ways to design rigorous STEM curricula that align
mathematics and science content standards in a meaningful way to allow for more
authentic integration. As the participants of this study were planning and implementing
their integrated STEM lessons, barriers were identified through comments such as,
“Standards did not align for both mathematics and science to produce a STEM lesson.”
With no integrated STEM curriculum in place, as well as alignment issues between
mathematics and science standards, the participants expressed concerns that K-6 students
were not learning the content from either discipline. For example, they worried that the
K-6 students may not understand the science concepts if the mathematics was “holding
them back,” and “(the students) missing a whole lot more than they would have had I
taught it separately.” As there are limited sources of good curricular examples of STEM
integration that teachers can follow (Roehrig, Moore, Wang, & Park, 2012), the
researcher recommends that curriculum specialists work to align the mathematics and
science content standards in meaningful ways to provide the foundation on which STEM
lessons can be developed.
Limitations of the Study
Although this research contributed to the gap in the literature surrounding the
need for improving methodological coursework that best prepares teachers to teach
integrated STEM lessons, some limitations were identified. One limitation was the use of
a small convenience sample (N = 24) consisting of minimally diverse participants. All 24
participants who completed the questionnaires were female elementary preservice
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teachers (1 African American and 23 Caucasian). Also, the focus group participants were
all Caucasian female students. Furthermore, the participants were from a single
university, which may have limited the generalizability of the findings. The university in
which the study was conducted prepares K-6 teachers to teach in both regular classrooms
and special education classrooms, leading to dual certification in both areas. The time
that the preservice teachers spend in the elementary classroom and the methods of
instruction coursework that they complete is divided between regular education and
special education. Other universities may have different types of teacher preparation
programs, specifically those that focus only on the regular education classroom.
Elementary preservice teachers completing programs at other universities would likely
have different experiences within the elementary classroom field experience and
university coursework.
Another limitation was the reliability of two of the components of the STEM
Attitudes Questionnaire that was adapted from the SATS-36 (Schau, 2003a). This
questionnaire relied heavily on negatively-worded items. When completing the STEM
Attitudes Questionnaire, participants may have missed the presence of a negative term or
may have been confused resulting in difficulty with interpreting items. Furthermore, the
use of two different procedures for the administration of the pre-, post-, and delayed postquestionnaires may have limited the study. The participants completed the pre- and postquestionnaires in a classroom on the university campus during a regularly scheduled class
meeting. The participants completed the delayed post-questionnaire through an emailed
link to both questionnaires.
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Recommendations for Future Research
The purpose of this study was to add to the research in preparing teachers to teach
STEM lessons in the elementary classroom. The current study examined the impact of
participation in integrated mathematics and science methods of instruction courses on
elementary preservice teachers’ attitudes toward, confidence in, and proficiency in
planning integrated STEM lessons. Because of the scarcity of research surrounding
teacher preparation in STEM education, further studies are warranted to add to the
existing body of research.
Although not investigated in this study, research should be conducted that
explores the relationship between the attitudes towards STEM education of the preservice
teachers and those of the cooperating teachers with whom they are placed. Results of this
research could lead to more meaningful field experience placements for the elementary
preservice teachers. Field placements in classrooms with experienced teachers that value
and implement integrated STEM lessons may provide preservice teachers more
opportunities to plan and implement effective STEM integrated lessons. The mentoring
and support of such cooperating teachers may lead to heightened attitudes toward STEM
education of the preservice teachers, which may increase their intention to teach
integrated STEM lessons in their future classrooms.
Additionally, research on what the actual content of a STEM methods of
instruction course should be is needed. Through this research appropriate textbooks could
be identified, as well as other STEM resources that should be included in such methods
of instruction courses. Results of this research could be used by teacher preparation
programs to assist them with program course additions and possible redesign.
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Summary
Research (Epstein & Miller, 2011; PCAST, 2010) has shown that the
implementation of integrated STEM education at all levels prepares student for the global
economy of the 21st-century. Integrated approaches pique student interests in and
motivation for learning STEM subjects, which will hopefully lead to more students
choosing STEM careers. “The lesson for us as educators is to realize that school subjects
need to connect and not be taught in isolation from each other. Students must be able to
transfer all learning across curricular areas and make connections that can increase levels
of academic achievements” (Barcelona, 2014, p. 865).
These connections need to also be made at the preservice level in order to better
prepare future teachers to teach integrated STEM lessons. Participation in integrated
mathematics and science methods of instruction courses may afford preservice teachers
the opportunities to experience, plan, and implement authentic integrated STEM lessons,
building their confidence and enhancing their attitudes toward STEM education. Field
placements for preservice teachers should also include classrooms where teachers are
committed to curriculum integration in the STEM subjects. Future teachers need to
develop the necessary skills, attitudes, and confidence to incorporate mathematics and
science in an integrated STEM framework. Thus, adequate preparation for preservice
teachers to teach integrated STEM content and implement practices of STEM fields as
part of elementary teacher preparation programs is imperative, so that their future
students are equipped with 21st-century skills.
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APPENDIX D – STEM Attitudes Questionnaire
Directions: The questions below are designed to identify your attitudes about statistics.
The item scale has 7 possible responses, ranging from 1 (strongly disagree) through 4
(neither disagree nor agree) to 7 (strongly agree). Please read each question. From the 7point scale, carefully mark the one response that most clearly represents your agreement
with that statement. Use the entire 7-point scale to indicate your degree of agreement or
disagreement with our items. Try not to think too deeply about each response. Record
your answer and move quickly to the next item.
1. I plan to teach all of my integrated mathematics and science methods lesson plan
requirements.
2. I plan to persevere in planning and teaching integrated mathematics and science
lessons.
3. I will like teaching mathematics and science in an integrated STEM framework.
4. *I will feel insecure when I have to teach mathematics and science in an
integrated STEM framework.
5. *I will have trouble understanding how to integrate mathematics and science
because of how I think.
6. Integrated mathematics and science lessons are easy to plan and teach.
7. *Teaching mathematics and science in an integrated STEM framework is not as
beneficial as teaching mathematics and science independent of each other.
8. *Integrating mathematics and science in a STEM framework is complicated.
9. Teaching mathematics and science lessons in an integrated STEM framework
should be a required part of my professional teacher preparation.
10. *I will struggle when trying to plan and teach lessons that integrate mathematics
and science.
11. I am interested in being able to plan and teach lessons that integrate mathematics
and science.
12. *Learning mathematics and science in an integrated STEM framework is not
useful to the typical professional.
13. I plan to work hard planning and teaching mathematics and science in an
integrated STEM framework.
14. *I will get frustrated planning and teaching mathematics and science in an
integrated STEM framework.
15. *Integrating mathematics and science in a STEM framework is not applicable in
my life outside of teaching
16. I use integrated mathematics and science in my everyday life.
17. *Planning and teaching mathematics and science in an integrated STEM
framework will be stressful for me
18. I will enjoy teaching mathematics and science in an integrated STEM framework.
19. I am interested in teaching mathematics and science in an integrated STEM
framework.
20. *Integrated STEM is rarely presented in everyday life.
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21. I am interested in understanding how to plan and teach mathematics and science
in an integrated STEM framework.
22. *Planning and teaching mathematics and science in an integrated STEM
framework requires a great deal of discipline.
23. *I will have no need for teaching mathematics and science in an integrated STEM
framework when I become a teacher.
24. *I will make a lot of math and science errors in planning and teaching integrated
STEM lessons.
25. I plan to attend every mathematics and science methods class sessions.
26. *I am scared to teach mathematics and science in an integrated STEM framework.
27. I am interested in learning how to plan and teach mathematics and science lessons
in an integrated STEM framework.
28. *Planning and teaching mathematics and science in an integrated STEM
framework involves immense work.
29. I am capable of learning how to teach mathematics and science in an integrated
STEM framework.
30. I will understand how to teach mathematics and science in an integrated STEM
framework.
31. *Teaching mathematics and science in an integrated STEM framework is
irrelevant in my life as a teacher.
32. *Teaching mathematics and science in an integrated STEM framework is highly
procedural.
33. *I will find it difficult to understand how to teach mathematics and science in an
integrated STEM framework.
34. *Most people have to learn a new way of thinking to teach mathematics and
science in an integrated STEM framework.
_________________________________________________________________
None at all - A Moderate Amount - A Great Deal
35.
What is your previous experience with learning mathematics and science in an
integrated STEM framework?
36.
What is your previous experience with observing the teaching of mathematics and
science in an integrated STEM framework?
37.
What is your previous experience with teaching mathematics and science in an
integrated STEM framework?
__________________________________________________________________
DEMOGRAPHICS
Your sex:
The last four digits of your USA Jag Number:
Your age (in years):
Your Tier 2 placement (School Name):
Your Tier 2 placement (Grade Level):
Your Tier 3 placement (School Name):
Your Tier 3 Placement (Grade Level):
Your Tier 4 Placement (School Name):
Your Tier 4 Placement (Grade Level):
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APPENDIX E – Permission to Modify SETIS Instrument
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APPENDIX F – STEM Confidence Questionnaire
Informed Consent
Dear Potential Participant:
You are invited to participate in a research study conducted by Dr. Elizabeth Allison,
from the The University of South Alabama, Department of Leadership and Teacher
Education. I hope to learn how your participation in the elementary science and
mathematics methods courses affects what you think about planning and teaching
mathematics and science in an integrated STEM framework, co-teaching, and inclusion
classrooms. You were selected as a possible participant in this study because you are
currently (or were previously) a student in the elementary science and mathematics
courses.
If you decide to participate, you will complete a survey online where you will indicate
how you feel about planning and teaching integrated STEM in elementary classrooms
and how you feel about participating in co-taught STEM classes.
There are no known risks or discomforts associated with your participation in this study.
Your grade in EDU 337 and EDU 335 will in no way be affected by completing this
survey or participating a focus group. Likewise, I cannot guarantee that you personally
will receive any benefits from this research.
Subject identities will be kept confidential by completing the surveys anonymously.
Survey data will be kept on a password protected computer for up to five years.
Your participation is voluntary. Your decision whether or not to participate will not affect
your relationship with The University of South Alabama. If you decide to participate, you
are free to withdraw your consent and discontinue participation at any time without
penalty.
If you have any questions, please feel free to contact Dr. Elizabeth Allison at 251-3802650. You will be offered a copy of this form to keep.
For questions about your rights as a research participant in this study or to discuss other
study-related concerns or complaints with someone who is not part of the research team,
you may contact the Institutional Review Board at 251-460-6308 or email
irb@southalabama.edu
You have read, or have had read to you, and understand the purpose and procedures of
this research. You have had an opportunity to ask questions which have been answered
to your satisfaction. You voluntarily agree to participate in this research as described.
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Completing and submitting the questionnaire/survey constitutes your consent to
participate and certifies that you are 19 years of age or older. If you choose not to
participate in the survey you can close this browser at any time.
Do you agree to participate in this survey?
_______________________________________________________________________
Directions: Choose your level of confidence for each statement. (STEM = Science,
Technology, Engineering, and Math)
(1) Cannot do this at all - (2) Would have difficulty doing this - (3) Mostly confident I
can do this - (4) Very confident I can do this
1. Connect science concepts to those of engineering, mathematics, and technology.
2. Promote students grade-level appropriate acquisition of core engineering
knowledge.
3. Develop summative assessments to measure students' integrated knowledge of
STEM at the end of an instructional unit.
4. Develop formative assessments to measure student learning of discipline-specific
content while teaching integrated STEM.
5. Earn acceptable teacher-evaluation/performance scores while teaching science
and mathematics in an integrated STEM framework.
6. Access resources necessary to teach science and math within an integrated STEM
framework.
7. Obtain the materials necessary to teach science and mathematics through STEM
in an integrated way.
8. Get students to experience excitement, interest, and motivation to learn about
phenomena in the natural world.
9. Use currently available resources to provide my students with technology to
engage in learning within an integrated STEM framework.
10. Meet evaluation requirements while teaching integrated STEM.
11. Use my teaching experience to teach science and mathematics effectively from
within an integrated STEM framework.
12. Teach my content within an integrated STEM framework.
13. Use current knowledge and skills to teach science and mathematics within an
integrated STEM framework.
14. Use my understanding of integrated STEM in a way that allows me to teach
science and mathematics effectively.
15. Develop new knowledge and skills necessary to teach science and mathematics
within an integrated STEM framework.
16. Learn new technologies that will enable me to teach from within an integrated
STEM framework.
17. Adapt to new teaching situations such as those necessary to teach science and
mathematics from within an integrated STEM framework.
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18. Use currently available resources to provided my students with technology to
engage in learning within an integrated STEM framework.
19. Access technology to teach science and mathematics from within an integrated
STEM framework.
__________________________________________________________________
Short Answer
20. Is there anything else you would like to say about how you feel about teaching
STEM?
_________________________________________________________________

DEMOGRAPHICS
Your sex:
The last four digits of your USA Jag Number
Your age (in years):
Your Tier 2 placement (School Name)
Your Tier 2 placement (Grade Level)
Your Tier 3 placement (School Name)
Your Tier 3 Placement (Grade Level)
Your Tier 4 Placement (School Name)
Your Tier 4 Placement (Grade Level)
Would you like to submit your responses?
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APPENDIX G –Open-Ended Questions Added to Questionnaires
1. Describe your opportunities and/or experiences teaching integrated STEM lessons
during your Tier 4 internship.

2. Describe any obstacles/barriers you have encountered implementing integrated
STEM lessons during your Tier 4 internship.

3. How has your confidence in teaching integrated STEM lessons changed over the
Tier 3 and Tier 4 semesters?

4. How have your attitudes toward teaching integrated STEM lessons changed over
the Tier 3 and Tier 4 semesters?
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APPENDIX H – Integrated Science/Math Learning Segment Rubric
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APPENDIX I – Focus Group Interview Protocol
1. Describe what you know and understand about integrated mathematics and
science. Be as specific as you can be.
Probe: What does it mean to you?
2. What are some advantages of integrating mathematics and science in the
elementary classroom?
3. What are some disadvantages of integrating mathematics and science in the
elementary classroom?
4. Describe any teaching and/or learning experiences you have had throughout your
educational career where mathematics and science have been integrated.
Probe: How have these experiences/training prepared you for teaching integrated
STEM lessons? Specifically, in the integrated math and science methods courses.
5. Describe any challenges you encountered (this semester) when planning and
teaching integrated STEM lessons.
6. (Now I would like to discuss your confidence in teaching integrated mathematics
and science lessons). Describe for me how confident you are in planning and
teaching integrated mathematics and science lessons in the K-6 classroom.)
a) Throughout your experiences this semester, how has your attitude toward
planning and teaching integrated STEM lessons changed?
b) Confidence?
Probe: How has participation in the integrated math and science methods courses
impacted these changes?
7. As a future teacher, how might you use integrated STEM in your instruction?
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8. What are possible challenges you will encounter as a classroom teacher when
planning and teaching integrated math and science lessons?
9. Based on your experiences this semester, describe how an elementary student
would use or relate to integrated STEM?
10. What approaches or teaching strategies do you think are most effective when
teaching mathematics? Science? Why do you think these are most effective
instructional approaches for math? Science?
11. Please share anything else you would like to add that we have not discussed.
Follow-up questions:
1. (To Question 1) What does integrated mathematics and science mean to you?
2. (To Question 4) How have these experiences/training prepared you for teaching
integrated STEM lessons, specifically, in the integrated mathematics and science
methods courses?
3. (To Question 6) How has participation in the integrated mathematics and science
methods courses impacted these changes?
4. What could be improved in the integrated mathematics and science methods
courses that would
a. …better prepare you to plan and implement STEM lessons in your future
classroom?
b. …heighten your attitudes toward teaching integrated STEM lessons?
c. …increase your confidence in teaching integrated STEM lessons?
5. What resources or support do you feel is necessary to effectively teaching
integrated STEM lessons in the elementary classroom.
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APPENDIX J – Elementary Mathematics Methods Course Syllabus
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146

147

148

149

150

151

152

153

154

155
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DATE

TOPICS COVERED
Syllabus and schedule
M 1/8
Daily Data
Constructivism & Inquiry-Based Learning
W 1/10 Conceptual Understanding, Procedural
Knowledge, Mathematical Reasoning
M 1/15 MLK Holiday

ASSIGNMENTS DUE
Bring Math Journal

Unit 1

W 1/17 Unpacking the CCSSM
M 1/22 CCSSM Standards for Mathematical Practice
Planning to Teach Mathematics: Central
W 1/24 Focus, Objectives, Integrating Children’s
Literature; AMSTI Lesson: Arranging Chairs
Co-Teaching Workshop: Math and Science
M*
Standards and Learning Progressions; Prior
1/29
Knowledge and Misconceptions
Planning to Teach Mathematics with
W 1/31 Manipulatives and Technology - Online
Assignment
Assessment and Evaluation
M 2/5 Conceptual Understanding/Procedural
Knowledge
W 2/7

Unit 2

Unit 3

Unit 4

Questioning/Lesson plan work

M 2/12 Math Lesson Planning Workshop
Developing conceptual understanding of place
value and operations on whole numbers
Teaching Integrated Math and Science
M 2/19
Unit 5
(STEM)
W*
Co-Teaching Workshop: Modeling Integrated
Math Lesson Plan
2/21
STEM Lesson
M*
Co-Teaching Workshop: Modeling Integrated
2/26
STEM Lesson
W
Developing Conceptual Understanding of
Unit 6
2/28
Fractions - Fraction Models
3/5-3/9
Field Week 1 – No Class
Revised Math Lesson
Conceptual Understanding of Operations on
M 3/12
Plan, Commentary &
Fractions
Evaluations
Conceptual Understanding of Operations on
W 3/14
Fractions
M*
Co-Teaching Workshop: Team Integrated
Team Lesson Plan
3/19
STEM Lesson Planning Stations
W 2/14
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DATE
W*
3/21
3/263/30
M 4/2
W 4/4

TOPICS COVERED
Co-Teaching Workshop: Team Integrated
STEM Lesson Presentations

ASSIGNMENTS DUE
Revised Team Lesson
Plan and Presentation

Spring Break – No Class

Error Analysis and Re-engagement
Mathematics Assessment Task
In-class activity
Developing Conceptual Understanding of
M 4/9
Geometry and Measurement Concepts
3-Day Integrated STEM Learning Segment:
3-Day Learning Segment
W 4/11
In-class Workshop
Math Journals
4/16 –
Field Week 2 – No Class
4/20
4/23 –
Field Week 3 – No Class
4/27
3-Day Commentary &
4/30
EXAM WEEK
Evaluations
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APPENDIX K – Elementary Science Methods Course Syllabus
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162

163

164

165

166

167

168
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APPENDIX L – Sample Integrated STEM Learning Segment
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172
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APPENDIX M – Final Quantitative Phase Recruitment Email
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APPENDIX N – Focus Group Recruitment Email
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APPENDIX O – Questionnaire Mean Item Responses
Table A1. STEM Attitudes Questionnaire Mean Item Responses (N = 24)
Time 1

Time 2

Time 3

Item Number

M (SD)

M (SD)

M (SD)

1

6.42 (1.02)

6.42 (0.72)

5.83 (1.37)

2

6.46 (0.59)

6.42 (0.65)

5.83 (1.20)

3

5.75 (0.94)

6.17 (0.82)

5.87 (1.26)

4

4.08 (1.82)

4.83 (1.93)

5.17 (1.62)

5

4.29 (1.71)

4.96 (1.65)

5.46 (1.47)

6

3.96 (1.08)

4.50 (1.29)

4.13 (1.39)

7

5.38 (1.31)

5.33 (1.63)

5.58 (1.56)

8

4.75 (1.19)

4.50 (1.62)

4.92 (1.64)

9

5.29 (1.33)

5.50 (1.22)

5.37 (1.14)

10

4.46 (1.53)

4.92 (1.53)

4.88 (1.48)

11

5.92 (0.88)

6.00 (0.83)

5.88 (0.95)

12

5.54 (1.44)

5.71 (1.49)

6.13 (1.30)

13

6.29 (0.86)

6.08 (0.72)

6.12 (0.80)

14

4.13 (1.80)

4.71 (1.52)

4.63 (1.77)

15

5.29 (1.57)

5.83 (0.87)

5.83 (1.34)

16

4.75 (1.45)

5.25 (1.36)

5.17 (1.20)

17

3.88 (1.45)

4.46 (1.38)

4.25 (1.65)

18

5.42 (1.14)

5.75 (1.07)

5.75 (1.19)

19

5.63 (1.10)

5.92 (0.78)

5.92 (1.02)

20

4.92 (1.35)

5.46 (1.22)

5.17 (1.90)

21

6.04 (0.90)

6.08 (0.72)

5.83 (0.92)

22

2.25 (1.11)

2.38 (1.01)

2.79 (1.50)

23

6.17 (1.17)

6.17 (0.70)

6.13 (1.15)

24

4.25 (1.60)

4.33 (1.69)

4.54 (1.72)
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25

5.96 (1.30)

5.92 (1.02)

5.00 (1.35)

26

3.96 (1.71)

4.83 (1.61)

5.25 (1.54)

27

5.83 (1.17)

6.12 (0.74)

6.08 (0.83)

28

2.75 (1.29)

2.83 (1.17)

3.38 (1.47)

29

6.25 (1.03)

6.17 (0.70)

6.29 (0.81)

30

5.83 (0.92)

6.08 (0.72)

6.13 (0.85)

31

6.21 (1.06)

6.00 (1.25)

6.04 (1.43)

32

3.16 (1.52)

2.79 (1.41)

3.04 (1.40)

33

4.67 (1.69)

4.58 (1.61)

5.04 (1.49)

34

3.13 (1.36)

3.92 (1.56)

3.17 (1.47)

Note. Adapted from The Importance of Attitudes in Statistics Education by C. Ramirez, C. Schau, & E. Emmioglu, 2012, p. 61.
www.evaluationandstatistics.com

178

Table A2. STEM Confidence Questionnaire Mean Item Responses(N = 24)
Time 1

Time 2

Time 3

Item Number

M (SD)

M (SD)

M (SD)

1

2.75 (0.61)

3.29 (0.55)

3.33 (0.57)

2

2.92 (0.78)

3.17 (0.48)

3.21 (0.51)

3

2.79 (0.72)

2.92 (0.65)

3.21 (0.59)

4

2.96 (0.75)

3.00 (0.51)

3.21 (0.59)

5

2.92 (0.83)

3.17 (0.57)

3.17 (0.64)

6

3.17 (0.70)

3.46 (0.51)

3.38 (0.58)

7

3.04 (0.62)

3.38 (0.71)

3.30 (0.64)

8

3.33 (0.70)

3.54 (0.51)

3.50 (0.51)

9

3.17 (0.64)

3.42 (0.58)

3.25 (0.53)

10

3.12 (0.80)

3.33 (0.57)

3.25 (0.61)

11

2.79 (0.72)

3.38 (0.58)

3.39 (0.58)

12

2.88 (0.61)

3.29 (0.62)

3.33 (0.64)

13

2.75 (0.74)

3.33 (0.57)

3.25 (0.53)

14

2.75 (0.68)

3.33 (0.48)

3.17 (0.57)

15

3.13 (0.74)

3.38 (0.58)

3.29 (0.62)

16

3.25 (0.68)

3.54 (0.51)

3.50 (0.59)

17

3.08 (0.78)

3.50 (0.59)

3.33 (0.64)

18

3.17 (0.76)

3.42 (0.58)

3.42 (0.65)

19

3.04 (0.62)

3.50 (0.51)

3.42 (0.65)

Note. Adapted from Development of the SETIS instrument to measure teachers’ self-efficacy to teach science in an integrated STEM
framework (Doctoral Dissertation) by M. Mobley, 2015, p. 99.
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